NASA SP-4012

{, NASA HISTORICAL DATA BOOK
Volume 1

Programs and Projects 1958-1968

Linda Neuman Ezell

The NASA Historical Series

WA Scientific and Technical Information Division 1988
National Aeronautics and Space Administration
Washington, DC



Library of Congress Cataloging-in-Publication Data
(Revised for vols. 2 and 3)
Van Nimmen, Jane, 1937-

NASA historical data book, 1958-1968.

(The NASA historical series) (NASA SP ; 4012)

Includes bibliographical references and indexes.

Vols. 2 and 3 by Linda Neuiman Ezell.

Contents: v. 1. NASA resources -- v. 2. Programs
and projects, 1958-1968 -- v. 3. Programs and projects,
1969-1978.

1. United States. National Aeronautics and Space
Administration. 1. Bruno, Leonard C., joint author.

11. Ezell, Linda Neuman. I11. Title. IV. Series.
V. Series: The NASA historical series.
TL521.312.V36 629.4°0973 74-600126

For sale by the Superintendent of Documents, U.S. Government Printing Office,
Washington, D.C. 20402




PREFACE

The first two volumes of this series provide a statistical summary of the first
decade of the National Aeronautics and Space Administration (NASA). It was a
pioneering decade, characterized by public and congressional support, growth, and
adventure. While Volume I introduces the researcher to NASA finances, personnel,
and installations, the second volume contains information on the agency’s major
programs and projects —the raison d’étre for the “dollars, people, and things”
previously measured.

Established by the National Aeronautics and Space Act of J uly 1958, NASA, a
civilian organization, was charged with managing those aeronautics and space ac-
tivities sponsored by the United States that fell outside the purview of the Depart-
ment of Defense. Included in the space act were eight general objectives for the new
agency: (1) to expand man’s knowledge of phenomena in the atmosphere and space;
(2) to improve the usefulness and performance of aeronautical and space vehicles;
(3) to send instrumented vehicles into space that could support life; (4) to study the
long-range benefits that might result from utilizing space; (5) to preserve the role of
the U.S. as a technological leader; (6) to support national defense by providing other
agencies with information on new discoveries; (7) to cooperate with other countries
in the peaceful utilization and exploration of space; and (8) to utilize existing scien-
tific and engineering facilities and personnel. To meet these objectives, NASA
channeled its resources into five programs: space science and applications, manned
spaceflight, launch vehicle development, tracking and data acquisition, and ad-
vanced research and technology.

The procurement and development of launch vehicles was a critical first step for
NASA. Chapter 1 discusses the military vehicles used by the agency in its early years
and the stable of launchers designed and developed by NASA and its contractors.
Saturn V, the largest and most powerful of these vehicles, was built for a specific
purpose—manned expeditions to the moon. Chapter 2 outlines for the reader
NASA'’s manned spaceflight program. Project Mercury proved that one man could
safely orbit the earth ard return. Pairs of astronauts in larger vehicles performed
larger, more sophisticated missions during Project Gemini. But it was the ambitious
Apollo program that captured the attention and the purse of the nation. In 1961 in
answer to Yuri A. Gagarin’s successful orbital flight, which preceded John H.
Glenn, Jr.’s orbital mission by 10 months, President John F. Kennedy declared that
before the end of the decade the U.S. would send a man to the moon. At the close of
NASA’s first decade, three Americans circled earth’s natural satellite aboard Apolilo
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8 in July 1969 the first of six Apollo lunar landers touched down safely on the
moon. Although it received less fiscal support, the space science and applications
program brought the agency its first and steadiest supply of results.

Chapter 3 explores the disciplines NASA’s space scientists sought to study and
describes the many vehicles they used —from small sounding rockets and the Ex-
plorer family of satellites to large orbiting-laboratory satellites. In addition to sup-
porting “pure” scientific research, NASA specialists also developed satellites of a
more “practical” nature that contributed to such fields as meteorology and com-
munications. NASA also applied its expertise to aeronautical research, continuing a
practice begun by the National Advisory Committee for Aeronautics in 1915. Also
included in the advanced research and technology program, described in Chapter 4,
were investigations in the fields of space vehicle systems, electronics and control,
human factor systems, and space power and propulsion. Scientific satellites,
manned spacecraft, and experimental aircraft all demanded accurate tracking pro-
cedures and sophisticated data acquisition and analysis equipment, which is discuss-
ed in Chapter 5. During the first 10 years, the agency’s tracking and data acquisition
program supported three networks: the Space Tracking and Data Acquisition Net-
work (satellites), the Manned Space Flight Network, and the Deep Space Network.

Each of the five chapters is divided into three sections. The narrative introduction
to each chapter includes information on the changing management of the program
offices at NASA Headquarters. In the budget sections, tables provide a fiscal history
of each program and the many flight and research projects sponsored by NASA.
The bulk of the book is devoted to describing these projects, including data on the
projects’ origins. For example, in Chapter 3, the material is divided among six broad
categories: physics and astronomy, lunar and planetary, life sciences, meteorology,
communications, and applications (including geodesy). In turn, the physics and
astronomy section is organized by project: Explorer, Orbiting Solar Observatory,
Orbiting Astronomical Observatory, Orbiting Geophysical Observatory, sounding
rockets, Vanguard, and miscellaneous projects (including several international ven-
tures). For each flight, a data sheet gives a physical description of the spacecraft and
information on objectives, results, and participants. Throughout the book, the
reader will find material that is duplicative. This is necessary to give the researcher
who is interested in only one program or one project a more complete story.

The authors of the NASA Historical Data Book series have made no attempts to
interpret or judge the events they describe; instead they have provided only the facts,
figures, and background. Such an approach does not lend itself to volumes that are
read from cover to cover, but it does provide students, writers, and others —especial-
ly those without ready access to primary documentation —objective material with
which to begin their research. The second volume also gives historians, managers,
engineers, and scientists working in the field quick answers to specific questions such
as: Who initiated the Explorer series of satellites? How large was the Ranger
spacecraft? When did the Space Task Group become the Manned Spacecraft
Center? How many NASA pilots flew the X-157 What steps did the agency take to
expand its research abilities in the field of electronics in the 1960s? Taken as a unit,
each chapter will give the more serious reader a complete look at a program, its pre-
NASA origins, objectives, constituents, and results.
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Volume II was prepared under contract, sponsored by the NASA Historical Of-
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and moral support.

Linda Neuman Ezell
Spring 1982



CONTENTS

Preface ... ... . iii
Chapter One: Launch Vehicles ..................................... . 1
Chapter Two: Manned Spaceflight ........................... ... ... 89
Chapter Three: Space Science and Applications. ..................... ... 195
Chapter Four: Advanced Research and Technology ..................... 401
Chapter Five: Tracking and Data Acquisition .......................... 519
Notes ..o 597
Notes on Sources ....... ... i 605
Appendix: NASA Organization Charts ..................coovounrnn. ... 609
Index ..o 619

vii



CHAPTER ONE

LAUNCH VEHICLES




CHAPTER ONE
LAUNCH VEHICLES

Before the National Aeronautics and Space Act was signed on July 29, 1958, the
art of launch vehicle development was the exclusive concern of the Department of
Defense (DoD). With the passage of the act, the National Aeronautics and Space
Administration (NASA), the new civilian agency charged with managing the coun-
try’s space program was given the authority to initiate its own launch vehicle pro-
gram. From an amalgam of civilian and military groups and organizations, NASA’s
managers began to gather the expertise and hardware they required, but for several
years NASA would depend largely on DoD-developed missiles to launch its civilian
payloads.

When NASA was organized, DoD’s Scientific Satellite Project, which included
the Naval Research Laboratory’s Vanguard Division and its upper atmosphere
sounding rocket team, was transferred to the new agency. In addition to several
satellite and probe projects, NASA acquired the F-1 engine development project
from the Air Force. On December 3, 1958, the facilities and 2300 employees of the
Jet Propulsion Laboratory (JPL) in Pasadena, California, were transferred to
NASA from the Army. For 22 years, this research group had been studying liquid
and solid propellant rockets and recently had been supporting the Army Ballistic
Missile Agency’s work on Explorer 1, America’s first successful artificial satellite. At
NASA'’s Langley Research Center, a facility inherited from the National Advisory
Committee for Aeronautics, the Scout solid propellant rocket was being developed.
Scout, the agency’s first launch vehicle program of its own, was an assembly of ex-
isting components gathered from the Navy’s Polaris missile project, JPL’s Sergeant
missile, and the Vanguard satellite launcher. In October 1959, the decision was made
to transfer to NASA the Army Ballistic Missile Agency’s important Development
Operations Division, the Wernher von Braun team. This group was developing a
large clustered-engine rocket called Saturn (formerly known as Juno V), which agen-
cy planners had identified as a potential booster for advanced manned vehicles.
NASA had been seeking to acquire the competence of the von Braun team since its
founding and on July 1, 1960 officially assumed responsibility for some 4000 per-
sonnel and part of the division’s facilities near Huntsville, Alabama, which were
renamed the George C. Marshall Space Flight Center. The civilian agency also had
been given authority to develop the Thor-Delta vehicle and the Vega upper stage and
in 1960 took over from the Air Force the Centaur high-energy upper stage, which
could be used with either the Atlas or the Titan booster. With the acquisition of the
Missile Firing Laboratory at Cape Canaveral, Florida, in 1960, NASA possessed the
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experienced people and the specialized facilities it needed to develop a successful
family of launch vehicles.*!

To develop a “national” launch vehicle program, the Department of Defense
and NASA had to coordinate their efforts to assist one another and to avoid un-
necessary and costly duplication. Responsibility for this coordination was assumed
by the Launch Vehicle Panel of the Aeronautics and Astronautics Coordinating
Board, a NASA-DoD organization established in September 1960 to replace the in-
effectual Civilian-Military Liaison Committee. Since NASA-DoD relations and the
prudent management of funds was also a frequent concern of Congress, the space
agency’s managers and designers took special care in the late 1950s and early 1960s
to use military boosters already developed, to continue propulsion research initiated
by the services, and to phase out any vehicle that was no longer suitable. NASA
made immediate use of Juno and Vanguard vehicles and the Thor intermediate
range missile with modified military upper stages; the agency began borrowing the
Atlas intercontinental ballistic missile in 1959, Redstone in 1960, and Titan in 1964.
However, NASA’s plans for advanced missions called for larger and more special-
ized boosters than the military had to offer.? In designing these new vehicles,
NASA’s specialists made every effort to develop the minimum number of different
vehicles with which to accommodate the wide range of missions that the agency was
planning, and it became standard policy to use the same vehicle configurations
repeatedly to improve their reliability.? Cost effectiveness, reliability and versatility
were characteristics the agency’s managers and engineers sought in their launchers.

NASA’s first decade saw the successful conclusion of the manned Mercury and
Gemini projects, which employed Redstone, Atlas, and Titan boosters, and the
development of the Saturn family of launch vehicles for manned spaceflight. Apollo
8 was sent to orbit the moon with a crew of three by a Saturn V in December 1968,
the first manned mission launched by the large booster. For NASA’s unmanned pro-
grams, the Thor-Delta launch vehicle proved to be a workhorse. It was used 63 times
in 1960-1968 to orbit geophysical, astronomical, biological, meteorological,
communications-navigation, and interplanetary payloads. The dependable Atlas
booster was employed successfully in several configurations, including the Atlas-
Centaur, which at the end of the agency’s first 10 years promised to be a valuable
combination for large space science projects. NASA and the military were still
depending on and improving the Scout launcher for small-payload tasks at the end
of the decade (see fig. 1-1).

Until December 1959, all launch vehicle development was managed at NASA
Headquarters by the director of spaceflight development, Abe Silverstein. Abraham
Hyatt, assistant director for propulsion, reported to Silverstein, and several chiefs

*For further information on NASA facilities, see Jane Van Nimmen and Leonard C. Bruno with
Robert L. Rosholt, NASA Historical Data Book, 1958-1968; NASA Resources, vol. 1, NASA SP-4012
(Washington, 1976), pp. 13-50. Also useful are Charles D. Benson and William B. Faherty, Moonport: A
History of Apollo Launch Facilities and Operations, NASA SP-4204 (Washington, 1978); Manned
Spacecraft Center, White Sands Test Facility, “MSC White Sands Test Facility History, July
1965-December 1967,” MSC rep. [no number], Dec. 1967; Kennedy Space Center Public Affairs Off.,
“The Kennedy Space Center Story,” Jan. 1968; NASA, “Wallops Station Handbook; General Informa-
tion,” vol. 1, April 3, 1961; and NASA Hq., Off. of Facilities, National Aeronautics and Space Ad-
ministration Facilities Data (Washington, 1974).
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responsible for such areas as solid rocket development and nuclear engines answered
to Hyatt. In late 1959, a Launch Vehicle Programs Office was established, with
Director Ron R. Ostrander reporting to the agency’s associate administrator. A
November 1961 reorganization divided launch vehicle management among the Of-
fice of Advanced Research and Technology (OART), the Office of Manned Space
Flight (OMSF), and the Office of Space Science (OSS), later the Office of Space
Science and Applications (OSSA). Managed in this fashion, nuclear and other ad-
vanced power systems were the responsibility of OART (see also chapter 4 for more
on OART). Launch vehicles intended for use in unmanned space science projects
were under the purview of Director of Launch Vehicles and Propulsion Programs
Donald H. Heaton (replaced by Richard B. Morrison in 1962). As director of launch
vehicles and propulsion in OMSF, Milton W. Rosen oversaw those vehicles that
would boost men into space. In 1963, because NASA in general and the Apollo
lunar exploration program in particular had become so very large, a major restruc-
turing of the organization took place. The management of launch vehicles for un-
manned projects was not affected. Project managers for the various vehicles con-
tinued to report to the director of launch vehicles and propulsion programs (Vincent
L. Johnson replaced Morrison in 1964; Joseph B. Mahon assumed the role in 1967).
Management of the manned vehicles, however, underwent a change. Instead of in-
dividuals assuming responsibility for specific components of the Apollo space vehi-
cle and the Saturn launcher, Associate Administrator for Manned Space Flight
George E. Mueller divided the authority for Apollo five ways: program control,
systems engineering, testing, flight operations, and reliability and quality. For exam-
ple, the director for systems engineering would be concerned with the Apollo com-
mand module, the launch vehicle, the lunar module, and any other component of
Apollo for which systems engineering was required. There was no longer a launch
vehicle manager per se in OMSF. (See table 1-1 for more information on the
organization of the several offices concerned with the management of launch vehicle
development and operations.)
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Table 1-1.
Four Phases of Launch Vehicle Management, NASA Headquarters

Phase I
Oct. 1958-Dec. 1959

Administrator/Deputy Administrator
Associate Administrator
Director, Space Flight Development (Abe Silverstein)
Assistant Director, Propulsion (Abraham Hyatt)
Chief, Rocket Vehicle Development (Milton W. Rosen)
Chief, Solid Rocket Development (Elliot Mitchell)
Chief, Liquid Fuel Rocket Engines (Adelbert O. Tischler)
Chief, Space Propulsion and Auxiliary Power Units (William Cooley)
Chief, Analysis and Requirements (Eldon W. Hall)

Phase 11
Dec. 1959-Nov. 1961

Administrator/Deputy Administrator
Associate Administrator
Director, Launch Vehicle Programs (Don R. Ostrander)

Deputy Director (Hyatt; Rosen, Jan. 1961)
Assistant Director, Vehicles (Rosen; Donald H. Heaton, Jan. 1961)
Assistant Director, Propulsion (Mitchell)
Assistant Director, Launch Operations (Samuel Snyder)
Assistant Director, Nuclear Propulsion (Harold B. Finger)

Phase III
Nov. 1961-Oct. 1963

Administrator/Deputy Administrator
Associate Administrator

Director, Office of Advanced Research and Technology (Ira H. Abbott; Raymond L. Bisplinghoff,

Aug. 1962)

Director, Nuclear Systems (Finger)

Director, Propulsion and Power Generation (William H. Woodward; John L. Sloop, Feb.
1962); office combined with Nuclear Systems in 1963

Director, Office of Space Science (Homer E. Newell)

Director, Launch Vehicles and Propulsion Programs (Heaton; Richard B. Morrison, June 1962)
Deputy Director, Launch Vehicles and Propulsion Programs (Sloop); office dropped in early
1962

Coordinator, Launch Operations (John W. Rosenberry); office dropped in 1963

Head, Small Vehicles and International Projects (Vincent L. Johnson; Roll D. Ginter, July
1962)

Head, Centaur (W. Schubert; Johnson, 1962)

Head, Agena (Dixon L. Forsythe; Joseph B. Mahon, 1963)

Program Manager, Scout (Ginter; Warren A. Guild, July 1962)

Program Manager, Delta (Johnson; Theodrick B. Norris, 1962)

Program Manager, San Marco (Ginter); office added in late 1962

Head, Advanced Projects (Alfred M. Nelson; J. A. Salmanson, 1963)

Director, Office of Manned Space Flight (D. Brainerd Holmes; George E. Mueller, Sept. 1963)
Director, Launch Vehicles and Propulsion (Rosen; Robert F. Freitag, April 1963); office
dropped in 1963 (see discussion above)

Assistant Director, Vehicle Engineering (Hall; Rosen, acting, late 1962); office dropped in
1963 (see discussion above)
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Table 1-1.
Four Phases of Launch Vehicle Management, NASA Headquarters (Continued)

Assistant Director, Vehicles (Richard B. Canright; Stanley M. Smolensky, acting, late 1962);
office dropped in 1963 (see discussion above)

Assistant Director, Propulsion (Tischler); functions transferred to OART

Assistant Director, Launch Operations (Gus A. D’Onofrio, acting; John K. Holcomb, June
1962); office dropped in 1963 (see discussion above)

Phase IV
Nov. 1963-Dec. 1968

Administrator/Deputy Administrator
Associate Administrator
Associate Administrator, Office of Advanced Research and Technology (Bisplinghoff; Mac C.
Adams, Oct. 1965; James M. Beggs, June 1968)
Division Director, Chemical Propulsion (Tischler)
Division Director, Nuclear Systems and Space Power (Finger; Woodward, April 1967);
office renamed Space Power and Electric Propulsion in April 1967
Associate Administrator, Office of Space Science and Applications (Newell)
Director, Launch Vehicles and Propulsion Programs (Morrison; Johnson, June 1964;
Mahon, Dec. 1967)
Program Manager, Centaur (Johnson; Ginter, 1964; Norris, 1967)
Program Manager, Small Vehicles and International Projects (Ginter); office
dropped in 1964 but reestablished in 1967 (R. W. Manville)
Program Manager, San Marco (Ginter); office dropped in 1964
Program Manager, Delta (Norris; Manville, 1966; 1. T. Gillam, 1967)
Program Manager, Scout (Guild; R. K. Sherburne, 1966; Paul E. Goozh, 1967)
Program Manager, Agena (Mahon; W. L. Lovejoy, 1968)
Program Manager, Advanced Programs and Technology Support (Salmanson,
acting; Joseph E. McGolrick, 1964)
Program Manager, Medium Launch Vehicles (Norris); office added in 1968
Associate Administrator, Office of Manned Space Flight (Mueller)
Director, Apgjlo Program (Samuel C. Phillips) (see discussion above)
Director, Program Control (Phillips, acting; Milo L. Seccomb, 1965; Jerald R. Kubat,
1967; James B. Skaggs, 1968)
Director, Systems Engineering (Thomas H. Thompson; Robert L. Wagner, 1967)
Director, Testing (John H. Disher; Melvin Savage, 1965; LeRoy E. Day, 1966)
Director, Flight Operations (Walter C. Williams, acting; Holcomb, 1963)
Director, Reliability and Quality (James Turnock; George A. Lemke, 1964; George
C. White, Jr., 1966)

BUDGET

NASA’s budget process, from requests for funds to programming the funds
granted, was a complex one involving the agency, the Bureau of the Budget (BoB),
and Congress. The agency was always considering three budgets simultaneously: the
current operating budget, the budget for the ensuing fiscal year, and the preliminary
budget for the following fiscal year (the fiscal year beginning July 1). In addition to
asking for specific dollar amounts in each year’s request, NASA’s managers also had
to explain and justify each budget category.
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Table 1-2.
Simplified Steps of the Budget Process

1. Program Operating Plans submitted quarterly to NASA Headquarters program offices by the field
installations.
2. First draft of preliminary budget prepared by Office of Programming.
3. First internal NASA semiannual budget review (March).
4. Preliminary budget review by BoB, which leads to NASA-BoB negotiations and BoB targets (sum-
mer).
5. Second internal NASA semiannual budget review (fall).
6. Formal submission of requests to BoB (Sept. 30).
7. Requests readied and justified for review by congressional authorization and appropriation commit-
tees (by Jan.).
8. Initial hearings before House and Senate authorization committees, followed by reporting out of an
authorization bill.
9. Similar review by House and Senate appropriations subcommittees.
10. Conference committees resolve any differences.
11. Debate on floor of House and Senate, followed by passage of NASA authorization and appropria-
tion acts.

From fiscal years 1963 through 1969, NASA’s budget was divided into three-ac-
counts: Research and Development (R&D), Administrative Operations (AQO), and
Construction of Facilities (CoF).* R&D and AO were funded on a no-year basis;
that is, the funds were made available over an undefined multiyear period and did
not have to be spent in one particular fiscal year. NASA was also permitted to
reprogram internally among the three accounts (as of 1965, transfer authority was
reduced from 3% to 0.5% of the total R&D authorization). This volume will only be
concerned with R&D funds. For budget purposes, R&D was defined loosely to in-
clude more than pure research and development. For example, R&D funds were
used not only to develop but also to procure launch vehicles and spacecraft after
they were being produced in quantity. Severable equipment (equipment not per-
manently attached to a structure) could be financed with R&D funds, and non-
NASA personnel supporting or working directly on an agency project could be paid
from R&D accounts.

The Bureau of the Budget was responsible for most of the cuts suffered by
NASA budgets months before Congress acted on the requests. In the tables that
follow, the “request” column represents the amounts agreed to by NASA and BoB.
Data on submissions (requests) for this volume are taken from the yearly budget
estimates prepared by NASA’s Office of Administration, Budget Operations Divi-
sion, and from chronological histories prepared for each fiscal year by the same of-
fice. In Congress, the authorization committees and their several subcommittees in-
tensely examined NASA’s requests and the programs for which the funds would be
spent. The House committee, for example, was divided into subcommittees cor-
responding to each NASA program office. NASA managers reported regularly to
these subcommittees to keep them informed, because they had the authority to in-

*R&D and AO were combined in FY 1963-1964 and called Research, Development, and Operations
(RDO).
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crease or decrease the agency’s budget requests. The authorization committees set a
maximum over which funds could not be appropriated; they imposed limitations or
preconditions on how funds could be spent; they determined how the agency could
reprogram or transfer its monies among accounts.

The “authorization” column in the following charts is the ceiling set by the
authorization committees. Authorizations were not always listed for individual proj-
ects in the chronological histories, especially in the early 1960s. To determine the
amount authorized for the general category or program under which a certain proj-
ect fell, consult the chronological histories. The appropriations committees had the
power to restore funds cut by the authorization committees or make further ad-
justments to the requests. Generally, however, the appropriations committees did
not scrutinize NASA’s budgets as closely as did the authorization subcommittees.
Also, funds were not appropriated by “line item,” an individual listing in the re-
quest, as they were authorized; for example, a sum would be appropriated for
launch vehicle development, but the amount would not be itemized for each launch
vehicle. Therefore, there are no appropriations columns in the tables to follow
(however, see table 1-3 for a summary of appropriations for the three accounts).

Data on authorizations and appropriations for this volume are taken from the
annual chronological histories mentioned above. The last column, “programmed,”
represents the funds spent during the fiscal year as reported in the NASA budget
estimates (for example, funds programmed in FY 1964 were reported in the FY 1966
estimate). However, to account for all the funds expended for a major NASA

Table 1-3
NASA Appropriations, 1959-1968 (in millions of dollars)

Fiscal Salaries & Expenses/ Research &  Construction & Equipment Total
Year Administrative Operations®* Development Construction of Facilities®

1959°¢ 86.32 196.6 48.0 330.9
1960 91.4 347.6 84.6 523.6
1961 170.8 670.4 122.8 964.0
1962 206.8 1302.5 316.0 1825.3
1963 — 2897.94 776.2 3674.1
1964 494.0 3926.0 680.0 5100.0
1965 623.5 4363.6 262.9 5250.0
1966 584.0 4531.0 60.0 5175.0
1967 640.0 4245.0 83.0 4968.0
1968 628.0 3925.0 35.9 4588.9
Total 3524.8° 26 405.6 2469.4 32 399.8

2S&E, 1959-1962; AO, 1963-1968.

YC&E, 1959-1961; CoF, 1962-1968.

¢FY 1959 funds came from NACA and NASA appropriations and from a transfer from DoD.

9During FY 1963, AO and R&D funds were combined to form Research, Development, and Opera-
tions.

¢Because of the change in how the accounts were managed in FY 1963, this total is understated by
about $440 000 000 (see note d above).

f Because of the change in how the accounts were managed in FY 1963, this total is overstated by about
$440 000 000 (see note d above).

From Jane Van Nimmen and Leonard C. Bruno with Robert L. Rosholt, NASA Historical Data Book,
1958-1968; NASA Resources, Vol. 1, NASA SP-4012 (Washington, 1976), p. 115.
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research and development project, one would also have to consider such things as
funds reprogrammed from other accounts, special facilities built to support a par-
ticular project, salaries for NASA employees, and support activities. *4

To review the budgets of various launch vehicle programs, consult such obvious
budget categories in the tables to follow as the name of the vehicle in which you are
interested (arranged alphabetically), but do not overlook the miscellaneous
categories included in table 1-31. Summary information can be found in tables 1-3
through 1-5. Valuable information is provided in the following tables in the bottom
notes. For example, prior to FY 1966, portions of individual spacecraft project
budgets were earmarked for launch vehicles. Of the FY 1964 request for Mariner
($100 000 000), $15 600 000 was requested for Atlas-Agena and $9 700 000 for Cen-
taur. But the requests were not always written so precisely. In the FY 1965 request
for Mariner ($54 100 000), $10 900 000 was requested for launch vehicles, which
would be divided between Atlas-Agena and Centaur; the request did not specify the
amount to be budgeted for each vehicle. In using these tables, carefully review the
bottom notes before making conclusions about totals for any particular vehicle or
year.

*For further information on NASA’s budget process, see Arnold Levine, Managing NASA in the
Apollo Era (1963-1969), NASA SP-4102 (Washington, 1982).

Table 1-4
NASA Research and Development Funds, 1959-1968
(in millions of dollars)

Fiscal Request Authorization Programmed
Year

1959 237.6* 237.6° 175.7
1960 3453 333.1 307.9
1961 671.0 671.4 644.1
1962 1380.5 1305.5 1261.3
1963 2968.3¢ 2957.9° 2878.6
1964 4351.7 4119.6 3824.4
1965 4523.04 4341.1 4358.6
1966 4575.9 4537.0 4468.9
1967 4246.6 4248.6 4249.3
1968 4352.0 4147.6 3881.3
Total 27 651.9° 26 899.4 26 050.1

20f the total, $146 619 532 was transferred to NASA.

b Actual authorization for NASA was $20 750 000; the remainder was transferred to the agency.

¢Includes administrative operations money and is thus overstated.

9Includes $141 000 000 supplemental request for FY 1964 R&D program.

¢Overstated as per note ¢ above.

From Jane Van Nimmen and Leonard C. Bruno with Robert L. Rosholt, NASA Historical Data Book,
1958-1968; NASA Resources, NASA SP-4012, Vol. 1 (Washington, 1976), p. 120.
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Table 1-6.
Atlas Funding History,?
(in thousands of dollars)

Year Request Programmed
1959 -— 8760°
1960 — 11 390°
1961 24 900° S
1962 39 0004 —

aGee also Atlas-Able, Atlas-Agena/Thor-Agena, Atlas-Antares, and Atlas-Centaur.
bErom the manned spaceflight (Mercury) budget.
¢Total programmed for all Mercury launch vehicles (Atlas, Redstone, and Little Joe I) was

$30 836 000.
dIncludes $11 500 000 from the Mercury request, $22 000 000 from the Apollo orbital flight tests re-

quest, and $5 500 000 from the Apollo biomedical flight research request.

Table 1-7.
Atlas-Able Funding History
(in thousands of dollars)®

Year Request B Programmed
1959 - 4097
1960 -— 18 349°
1961 - 5975°

aFrom the lunar and planetary exploration (Pioneer) budget.
bIncludes funds for the Pioneer payload.
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Table 1-8.
Atlas-Agena B and D Funding History
(in thousands of dollars)?

Year Request Programmed
1959 - 35000
1960 - 7706
1961 16 5004 16 670°
1962 113 675F 53 5008
1963 93 581h 58 8741
1964 132 8004 ———k
1965 97 300' ——m
1966 N (| —_ -0
1967 ——=p ———a
1968 _— -

See also Thor-Agena.

®From the lunar and planetary budget.

“Includes $346 000 from the astronomical observatories budget, and $7 360 000 from the Ranger
budget.

dIncludes $3 000 000 from the scientific satellite request, and $9 500 000 from the lunar and
planetary request, plus two FY 1961 supplementary requests: $200 000 from the Rebound request and
$3 800 000 from a transitional communications system request.

°From the Ranger budget.

fIncludes funds from the following project requests: astronomical observatories (822 775 000),
geophysical observatories (33 700 000), Ranger ($32 800 000), Rebound ($8 100 000), a transitional com-
munications system ($27 300 000), and Apollo for high-speed reentry tests ($19 000 000).

EIncludes funds from the following project budgets: Gemini (82 000 000), Ranger ($30 900 000),
Mariner ($17 000 000), advanced Syncom ($200 000), and OAO ($3 400 000). In addition, $5 100 000
was programmed for the combined procurement of Atlas-Agena and Thor-Agena from the OGO budget,
plus $2 500 000 for the combined procurement of Atlas-Agena and Delta from the OSO budget.

"Includes funds from the following project requests: Rebound ($11 828 000), intermediate-altitude
satellite ($10 215 000), advanced Syncom ($6 236 000), OGO ($17 565 000), advanced OSO ($3 600 000),
Ranger ($20 900 000), Mariner R ($6 240 000), and OAO ($16 997 000).

Includes funds from the following project budgets: Mariner ($4 812 000), OAO ($1 356 000),
Gemini ($15 400 000), geophysics observatories ($4 890 000), andsRanger ($32 416 000).

iIncludes funds from the following project requests: OAO ($15 100 000), advanced Syncom
(812 500 000), Gemini (347 900 000), Ranger (341 700 000), and Mariner (815 600 000). In addition,
$22 200 000 was requested for the combined procurement of Atlas-Agena and Thor-Agena from the
OGO budget, plus $4 800 00 for the combined procurement of Atlas-Agena and Delta from the OSO
budget.

¥OSSA programmed $54 599 000 for the combined procurement of Atlas-Agena and Thor-Agena.
OMSF programmed $122 700 000 for Gemini launch vehicles, which included Atlas-Agena D and Titan
II.

'Includes funds from the following project requests: geophysical observatories (85 200 000), Ranger
(82 000 000), Lunar Orbiter ($15 500 000), Mariner ($10 900 000), OAO ($13 400 000), ATS
(85 900 000), and Gemini ($44 400 000).

MOSSA programmed $55 040 000 for the combined procurement of Atlas-Agena and Thor-Agena.
OMSF programmed $115 400 000 for Gemini launch vehicles, which included Atlas-Agena D and Titan
I

"OSSA requested $82 300 000 for the combined procurement of Atlas-Agena and Thor-Agena.
OMSEF requested $88 600 000 for Gemini launch vehicles, which included Atlas-Agena D and Titan I1.

°OSSA programmed $70 669 000 for the combined procurement of Atlas-Agena and Thor-Agena.

POSSA requested $54 700 000 for the combined procurement of Atlas-Agena and Thor-Agena.
OMSF requested $8 500 000 for Gemini launch vehicles, which included Atlas-Agena D and Titan I1.

90OSSA programmed $29 396 000 for the combined procurement of Atlas-Agena and Thor-Agena.

'OSSA requested $24 700 000 for the combined procurement of Atlas-Agena and Thor-Agena.

*OSSA programmed $7 999 000 for the combined procurement of Atlas-Agena and Thor-Agena.
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Table 1-9.
Atlas-Antares Funding History
(in thousands of dollars)

Year Request Programmed
1963 . 4000
1964 — 1786°
1965 11102 8972°

1966 — 3602°

3Funds provided by the Project FIRE Budget.
bOSSA Atlas procurement for Project FIRE.

Table 1-10.
Atlas-Centaur Funding History
(in thousands of dollars)

Year Request Authorization Programmed
Procurement Development Procurement Development Procurement Development
(Centaur) (Centaur) (Centaur)
1959 - -— - - - 4000
1960 -—- 41 000 - 41 000 - 36 644
1961 - 47 000 - 47 000 -— 64 673
1962 12 0702 65 400° - 56 400 2309¢ 73 791
1963 34 400¢ 66 664 - 66 664 13 900° 90 600
1964 51 700° 110 700 -— 110 700 32 000 108 100
1965 54 000° 92 000 - 92 000 44 814 89 400
1966 69 800 59 600 -=f 59 600 65 000 53 790
1967 64 000 29 700 60 0008 29 700 55019 27 200
1968 87 000 -— 85 000 -— 68 305 -

aIncludes $6 700 000 from the Surveyor request, and $5 370 000 from the Mariner request.

bIncludes a $9 000 000 supplementary request.

¢From the Surveyor budget.

dIncludes $17 300 000 from the Surveyor request, and $17 100 000 from the Mariner request.

¢Includes $42 000 000 from the Surveyor request, and $9 700 000 from the Mariner request.

fTotal 1966 request for launch vehicle procurement was $194 500 000; total authorized was
$178 700 000 (authorizations were not itemized by launch vehicle).

8]t was noted by the Conference Committee that $4 000 000 of the $9 250 000 reduction in the launch
vehicle procurement budget was against Centaur, bringing the authorization to $60 000 000.
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Table 1-11.
Juno II Funding History
(in thousands of dollars)

Year Request Programmed
1959 -— 10 6907
1960 - 3483b
1961 -— 2848°¢

2Includes $8 540 000 from the scientific satellites budget, and $2 150 000 from the communications
budget.

PIncludes funds from the following scientific satellite budgets: gamma ray astronomy satellite
(3870 837), ionosphere direct measurements satellite (3870 837), and ionosphere beacon satellite
($1 741 672).

Includes funds from the following scientific satellite budgets: ionospheric air measurements
($730 000), gamma ray satellite ($705 000), and ionospheric beacon satellite ($1 413 000).

Table 1-12.
Jupiter (Juno I) Funding History
(in thousands of dollars)?

Year Request Programmed
1959 -— 2740
1960 -— ---b

#From the manned spaceflight budget (Mercury).
21t was estimated in the FY 1961 budget estimate that $40 000 would be programmed for Jupiter
vehicles in FY 1960. Plans for using this launch vehicle were cancelled, and no hardware was procured.

Table 1-13.
Little Joe I Funding History
(in thousands of dollars)

Year Request Programmed
1959 - 2850°
1960 — ---b
1961 - -

@From the manned spaceflight budget. In addition, $1 170 000 was programmed for Little Joe I special
purpose test apparatus and airframe development.

bt was estimated in the FY 1961 budget estimate that $1 300 000 would be programmed for Little Joe I
special purpose test apparatus and airframe development.

“Total programmed for all Mercury launch vehicles (Little Joe I, Atlas, and Redstone) was
$30 836 000.
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Table 1-14.
Little Joe II Funding History
(in thousands of dollars)

Year Request Programmed
1962 19007 1250°
1963 8800° —
1964 50002 —--‘f
1965 _— -
1966 -—-8 -0
1967 - -

aFrom the manned spacecraft systems (Apollo) budget.
bFrom the Apollo (advanced manned spaceflight) request for a “solid, suborbital” launch vehicle.
¢Total programmed for Apollo spacecraft support, of which Little Joe 11 was a part, was $47 286 000.
dTotal programmed for Apollo spacecraft support, of which Little Joe I was a part, was $43 503 000.
<Total requested for Apollo spacecraft support, of which Little Joe I was a part, was $144 000 000.
Total programmed for Apollo spacecraft support, of which Little Joe I was a part, was $83 663 000.
£Total requested for Apollo spacecraft support, of which Little Joe II was a part, was $120 840 000.
hTotal programmed for Apollo spacecraft support, of which Little Joe 11 was a part, was
$120 840 000.

iTotal requested for Apollo spacecraft support, of which Little Joe 11 was a part, was $96 500 000.
iTotal programmed for Apollo spacecraft support, of which Little Joe 11 was a part, was $119 937 000.

Table 1-15.
Nova Funding History
(in thousands of dollars)

Year  Request _ Authorizaton  Programmed
1961 —- - 297
1962 48 500 48 500 ---a

1963 163 574 163 574 -—

aNASA’s adoption of the Saturn C-5 in July 1962 effectively cancelled Nova. In the FY 1963 request, it
was estimated that $6 322 000 would be programmed for Nova in FY 1962.

Table 1-16.
Redstone Funding History
(in thousands of dollars)*

Year '_ o Request o __f_r__o_grammeq B
1959 - 6490
1960 - 4477

1961 750 ---b

A F'rom the manned spaceflight (Mercury) budget.
bTotal programmed for all Mercury launch vehicles (Redstone, Atlas, and Little Joe 1) was

$30 836 000. 11 was estimated in the FY 1962 budget request that $2 450 000 would be programmed for
Redstone in FY 1961.
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Table 1-17.
Saturn I Funding History
(in thousands of dollars)?

Year Request Authorization Programmed

Procurement Development Procurement Development Procurement Development

1959 — _— — — — 19 325
1960 — — — - -— 9450¢
1961 — 134 309 — 134 308 — 173 908
1962 — 224 1604 — 224 160 950¢ 193 326
1963 90 864° 249 237 — 249 237 — 256 887
1964 75 000° 93 800 —_— 93 800 — 187 077
1965 — 120 600 — 120 600 — 40 265
1966 — 4 400 — 4 400 - —

?Funded as a separate launch vehicle project in the FY 1959-1963 requests, as part of the OMSF launch
vehicle and propulsion systems project in the FY 1964 request, and as part of Project Apollo in the FY
1965-1966 requests (funds for procuring Saturn vehicles were also included in the FY 1964 request as part
of Apollo).

YFunded by DoD.

©An additional $47 870 000 was programmed for the development of the Saturn family by DoD.
NASA programmed its funds for Saturn vehicle development, of which the Saturn I was the first step.

dRequested for Saturn vehicle development, of which the Saturn [ was the first step; however, some of
these funds were being requested for work on advanced Saturn hardware,

¢ Distinctions between procurement and development were not usually made in the Saturn launch vehi-
cle budget (as they were for the launch vehicles used by OSSA). The procurement figures for 1962 and
1964 are exceptions; the procurement figure for 1963 is from the advanced manned spaceflight budget.

Table 1-18.
Saturn IB Funding History
(in thousands of dollars)?

Year Request Authorization Programmed

Procurement Development Procurement Development ProcuremeEl_ _De_\_/e_l(lpmenl

1963 — — - - — 21271
1964 55 000P 68 600 — 68 600 — 146 817
1965 — 260 100 — 260 100 - 262 690
1966 — 274 700 — 274 700 1000P 274 786
1967 — 216 400 -— 216 400 21 900° 225 626
1968 78 500° 156 200 — -— — 101 100

?Included as part of the OMSF launch vehicle and propulsion systems program and Project Apollo in
the FY 1964 request, as part of Project Apollo in the FY 1965-1967 and 1970 requests, and as part of
Project Apollo and Apollo applications in the FY 1968-1969 requests.

b Distinctions between procurement and development were not usually made in the Saturn launch vehi-
cle budget (as they were for OSSA launch vehicles). The procurement figure shown for FY 1964 (from the
Apollo request) was an exception; the procurement figures shown for FY 1966-1968 are from the Apolio
applications budget.
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Table 1-19.
Saturn V Funding History
(in thousands of dollars)?

Year Request Authorization Programmed

Procurement Development Procurement Development Procurement Development

1961 — — — — — 623
1962 -— 50 000° -— — — 57 375
1963 — 335 172 — 335 172 — 343 442
1964 — 843 000° — 733 000 -— 763 382
1965 — 988 400 — 988 400 — 964 924
1966 -— 1 236 500 — 1 236 500 -— 1 135 081¢
1967 — 1 191 000 - 1 191 000 1300° 1 098 154
1968 45 600° 1 110 000° — -8 — 853 965

aFunded as a separate launch vehicle program in the FY 1963 request, as part of the OMSF launch
vehicle and propulsion systems program in the FY 1964 request, as part of Project Apollo in the FY
1965-1967 and 1970 requests, and as part of Project Apollo and Apolio applications in the FY 1968-1969
requests.

bSupplementary request.

¢Includes a supplementary request of $110 000 000.

dIncludes $210 000 for Voyager studies of a Saturn V launch vehicle system.

¢Distinctions between procurement and development were not usually made in the Saturn launch vehi-
cle budget (as they were for OSSA launch vehicles). The procurement figures shown for FY 1967-1968 are
for Apollo applications.

fIncludes $1 500 000 for Voyager studies of a Saturn V launch vehicle system.

£The authorization was not itemized by individual items; the total authorization for Project Apollo
was $2 521 500 000.
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Table 1-20.
Scout Funding History
(in thousands of dollars)

Year Request Authorization Programmed

Procurement Development Procurement Development Procurement Development

1959 - — — — — 6048
1960 — 2000 -— 2000 — 3000
1961 35007 — — — 22020 9652
1962 3000° 3675 — 3675 - 4700
1963 4176° 8947 — 8947 4954f 3648
1964 -8 — — — 11 500 —
1965 5300" — — — 13 287 —
1966 11 700 — S — 11 700 —
1967 10 400 -— - — 9400 —
1968 16 800 — 14 300 —_— 10 200 —

2 From the scientific satellites budget.

® Includes funds from the budgets of the following scientific satellites: topside sounder ($52 000), U.K.
ionosphere satellite (§1 200 000), and electron density profile probe (8950 000).

“Includes funds from the budgets of the following scientific satellites: recoverable nuclear emulsions
probe ($1 000 000), topside sounder ($1 000 000) and U K. ionosphere satellite ($1 000 000).

4Combined amount programmed for procurement of Scout, Delta, and Thor-Agena from the interna-
tional satellite budget (geophysics-astronomy) was $7 350 000.

¢Includes funds from the budgets of the following scientific satellites: topside sounder ($326 000),
geoprobes (81 000 000), and U.K. international satellite (32 850 000).

fFrom the Explorer budget.

£$8 800 000 was requested for the combined procurement of Scout and Delta for Explorer and
Monitor; $5 500 000 was requested for the combined procurement of Scout, Delta, and Thor-Agena for
several international satellite projects.

P Includes $4 300 000 from the Explorer budget, and $1 000 000 from the Soviet reentry heating experi-
ment budget.

iTotal request for launch vehicle procurement was $194 500 000; total authorized was $178 700 000
(authorizations were not broken down by individual vehicle).

iTotal request for launch vehicle procurement was $152 000 000; total authorized was $142 750 000
(authorizations were not broken down by individual vehicle).

Table 1-21.
Thor Funding History,?
(in thousands of dollars)
Year Request Programmed
1961 . 24000 3200°
1962 -— 1000°

See also Atlas-Agena/Thor-Agena, Thor-Able, and Thor-Delta.
®FY 1961 supplementary request for Echo suborbital tests.
¢For ballistic tests of the Echo (rigid) satellite; no upper stage was used.
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Table 1-22.
Thor-Able Funding History
(in thousands of dollars)

Year Request Programmed
1959 -— 49632
1960 — —

aIncludes $2 120 000 from the scientific satellites budget, and $2 843 000 from the lunar and planetary

budget.
b As reported in the FY 1961 request, it was estimated that $727 000 of the scientific satellites budget

would be programmed for Thor-Able.

Table 1-23.
Thor-Agena B & B Funding History FY 1959-1968
(in thousands of dollars)®

Year Request Programmed
1961 10 600° 8 302°
1962 24 4004 12 100°
1963 13 059" 7 1668
1964 8 200" ——i
1965 10 1004 -k
1966 -l _—m
1967 ——=n ———0
1968 —-——P S

agee also Atlas-Agena B and D.

YIncludes $3 000 000 from the scientific satellites request, and $5 700 000 from the Tiros request,
plus $1 900 000 from a supplementary request for Echo.

°Includes funds programmed for the following projects: Nimbus ($2 802 000), Echo ($2 200 000),
and topside sounder ($3 300 000).

dIncludes funds from the following requests: OSO (31 000 000), topside sounder ($8 300 000), Nim-
bus ($10 900 000), and Echo (84 200 000).

°Includes funds programmed for the following projects: Echo ($4 800 000) and Nimbus ($7 300 000).
In addition, $5 100 000 was programmed from the OGO budget for the combined procurement of Atlas-
Agena and Thor-Agena, and $7 350 000 from the international satellites budget (geophysics-astronomy)
for the combined procurement of Delta, Thor-Agena, and Scout.

fIncludes funds from the following requests: Nimbus (91 517 000) and OGO ($3 908 000).

8Includes funds programmed for the following projects: geophysical observatories ($2 366 000), Ex-
plorer (§3 100 000), Nimbus ($1 200 000), and Echo 11 ($500 000).

"From the Nimbus request. In addition, $22 200 000 was requested for the combined procurement of
Atlas-Agena and Thor-Agena for OGO; and $5 500 000 for the combined procurement of Delta, Thor-
Agena, and Scout for several international satellite projects (geophysics-astronomy).

iOSSA programmed $54 599 000 for the combined procurement of Atlas-Agena and Thor-Agena.

iIncludes funds from the following requests: geophysical observatories (85 700 000), Explorer
($1 000 000), and Nimbus ($3 400 000).

kOSSA programmed $55 040 000 for the combined procurement of Atlas-Agena and Thor-Agena.

I0SSA requested $82 300 000 for the combined procurement of Atlas-Agena and Thor-Agena.

mOSSA programmed $70 669 000 for the combined procurement of Atlas-Agena and Thor-Agena.

nOSSA requested $54 700 000 for the combined procurement of Atlas-Agena and Thor-Agena.
°OSSA programmed $29 396 000 for the combined procurement of Atlas-Agena and Thor-Agena.

POSSA requested $24 700 000 for the combined procurement of Atlas-Agena and Thor-Agena.

90SSA programmed $7 999 000 for the combined procurement of Atlas-Agena and Thor-Agena.
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Table 1-24.
Thor-Delta Funding History
(in thousands of dollars)

Year Request Authorization Programmed
Procurement Development Procurement Development Procurement Development

1959 - - -— -— -— 12 927
1960 — 13 300 -— 13 300 342 12 476
1961 -— 20 000° -— 12 500 8000° 10 479
1962 20 0004 2900 -— 2900 2500° 5255
1963 6500f 268 -— 268 31 5898 2183
1964 10 100" -— -— — 30 101 -—
1965 28 100 -— -— -— 32374 -—
1966 30 700 -— - -— 27 729 -—
1967 22 900 -— Lk -— 23 835 -—
1968 32 600 - 31 100 -— 33 696 -

2From the Project Echo budget for third-stage hardware.

®Includes a supplementary request of $7 500 000.

2From the Project Relay budget.

dIncludes $7 500 000 from the Project Relay request, and $2 500 000 from the Tiros request.

“From the Syncom budget. In addition, $2 500 000 was programmed for the combined procurement of
Delta and Atlas-Agena from the OSO budget, and $7 350 000 was programmed for the combined pro-
curement of Delta, Thor-Agena, and Scout from the international satellites (geophysics-astronomy)
budget.

fFrom the Project Relay request.

gIncludes funds from the following projects: OSO ($2 289 000), Explorer ($14 100 000), Tiros
($10 200 000), Relay ($1 000 000), and Syncom ($4 000 000).

P Includes funds from the following requests: Pioneer ($5 000 000), geodesy ($2 800 000) and Tiros
(82 300 000). In addition, $8 800 000 was requested for the combined procurement of Delta and Scout
from the Explorer and Monitor request, $4 800 000 for the combined procurement of Delta and Atlas-
Agena from the OSO request, and $5 500 000 for the combined procurement of Delta, Thor-Agena, and
Scout from the international satellites request (geophysics-astronomy).

iIncludes funds from the following requests: OSO ($2 700 000), Explorer ($7 500 000), Pioneer
(38 100 000), Biosatellite ($6 500 000), and Tiros ($3 300 000).

iTotal request for launch vehicle procurement was $194 500 000; total authorized was $178 700 000
(authorizations were not broken down for individual launch vehicles).

kTotal request for launch vehicle procurement was $152 000 000; total authorized was $142 750 000
(authorizations were not broken down for individual launch vehicles).
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Table 1-25.
Titan 11 Funding History
(in thousands of dollars)*

Year Request Authorization Programmed
1962 —— - 22 391
1963 50 000 -——— 63 709
1964 46 900 - ——_°
1965 66 900 66 900 ——=*
1966 ——-d - -
1967 —— = - —=F -

aFrom the manned spaceflight budget (Gemini).

bCombined total programmed for both Gemini launch vehicles (Titan Il and Atlas-Agena D) was
$122 700 000.

¢Combined total programmed for both Gemini launch vehicles (Titan Il and Atlas-Agena D) was
$115 400 000.

dCombined total requested and authorized for both Gemini launch vehicles (Titan Il and Atlas-
Agena D) was $88 600 000.

eCombined total requested and authorized for both Gemini launch vehicles (Titan 11 and Atlas-
Agena D) was $8 500 000.

Table 1-26.
Vega Funding History
(in thousands of dollars)

Year 7; - Réducsl T 7 Authorization WF"rogrammed

1959 - i - = 14 291

1960 42 800 42 800 4000
Table 1-27.

F-1 Engine Development Funding History
(in thousands of dollars)?

Year Request ’ " Authorization Programmed
1961 - - 50 849
1962 -— - 48 320
1963 55 316 55316 53 703
1964 54 100 54 100 61 954
1965 64 100 64 100 62 396
1966 52 500 -— ---b
1967 41 000 - -
1968 - — -

aFunded as part of the liquid propulsion program in the FY 1963 request, as part of the OMSF launch
vehicle and propulsion systems program in the FY 1964 request, and as part of Project Apollo in the FY
1965-1968 requests.

bThe amount programmed for Apollo engine development (F-1, H-1, and J-2) was $133 200 000.

¢The amount programmed for Apolio engine development (F-1, H-1, and J-2) was $49 800 000.

dFY 1968 was the last year NASA requested funds for Apollo engine development. The request of
$24 500 000 was for the F-1, H-1, and J-2. The procurement of engines for the Saturn launch vehicles was
charged to the appropriate Saturn account.

¢The amount programmed for Apollo engine development (F-1, H-1, and J-2) was $20 500 000.
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Table 1-28.
H-1 Engine Development Funding History
(in thousands of dollars)?

Year Request Authorization Programmed
1962 -— — 5662
1963 -— —_— 6260
1964 5200 5200 11 531
1965 9800 9800 6550
1966 4800 — ---b
1967 5500 - -
1968 ---4 -— -—*

#Funded as part of the OMSF launch vehicle and propulsion systems program in the FY 1964 request
and as part of Project Apollo in the FY 1965-1968 requests.

b The amount programmed for Apollo engine development (F-1, H-1, and J-2) was $133 200 000.

“The amount programmed for Apollo engine development (F-1, H-1, and J-2) was $49 800 000.

9FY 1968 was the last year NASA requested funds for Apollo engine development. The request of
$24 500 000 was for the F-1, H-1, and J-2. The procurement of engines for the Saturn launch vehicles was
charged to the appropriate Saturn account.

¢The amount programmed for Apollo engine development (F-1, H-1, and J-2) was $20 500 000.

Table 1-29.
J-2 Engine Development Funding History
(in thousands of dollars)?

Year Request Authorization Programmed
1961 -_— -— 18 574
1962 — - 33 635
1963 38 732 38 732 46 769
1964 48 200 48 200 48 284
1965 61 600 61 600 49 102
1966 45 500 -— ---b
1967 37 900 - -t
1968 -t -— ot

2Funded as part of the liquid propulsion program in the FY 1963 request, as part of OMSF launch
vehicle and propulsion systems program in the FY 1964 request, and as part of Project Apollo in the FY
1965-1968 requests.

>The amount programmed for Apollo engine development (F-1, H-1, and J-2) was $133 200 000.

¢The amount programmed for Apollo engine development (F-1, H-1, and J-2) was $49 800 000.

4FY 1968 was the last year NASA requested funds for Apollo engine development. The request of
$24 500 000 was for the F-1, H-1, and J-2. The procurement of engines for the Saturn launch vehicles was
charged to the appropriate Saturn account.

¢The amount programmed for Apollo engine development (F-1, H-1, and J-2) was $20 500 000.
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Table 1-30.
RL-10 Engine Development Funding History
(in thousands of dollars)?

Year Request Authorization Programmed
1962 -— -— 16 332
1963 -— -— 29 645
1964 32 600 32 600 18 521
1965 17 900 17 900 14 970
1966 20 400 -— —_—
1967 12 000 -— -—
1968 - -— -—

2Funded as part of the OMSF launch vehicle and propulsion systems program in the FY 1964 request,
as part of Project Apollo in the FY 1965 request, and as part of Project Apollo and the Centaur develop-
ment project in the FY 1966-1967 requests. The procurement of RL-10 engines was charged to the ap-
propriate launch vehicle accounts.

CHARACTERISTICS

The launch vehicles utilized by NASA during the agency’s first 10 years are
described in the following tables. Two boosters borrowed from the military, Atlas
and Thor, were used with several different upper stages. Atlas was paired with Able,
Agena, Antares, and Centaur; it also stood alone as the standard Mercury launch
vehicle for orbital missions. Able, Agena, and Delta were added to Thor to increase
that missile’s range and versatility. Juno and Vanguard vehicles contributed to
NASA'’s early space science program. Redstone missiles were man-rated to boost the
first Mercury astronauts onto ballistic trajectories, and Gemini astronauts rode
modified Titan IIs into orbit. Two distinct vehicles, Little Joe I and Little Joe II,
were used to test and qualify launch techniques and hardware for the Mercury and
Apollo programs. The Saturn family of launch vehicles was developed specifically to
support the Apollo lunar exploration venture. And Scout, which changed over time
as its engines were upgraded and its reliability improved, was NASA’s first contribu-
tion to the launch vehicle stable. Two proposed vehicles, Vega and Nova, are also
discussed.*

In some cases, finding the “official” figures for the height, weight, or thrust of a
particular launch vehicle was not possible. It was not uncommon to find several
NASA sources with conflicting data on the same vehicle. Measurements, therefore,
may be approximate. Height may be measured several different ways, and there was
some disagreement in the source material over where an upper stage begins and ends
for measuring purposes. The height of a launch vehicle stack does not usually in-
clude the payload (spacecraft); weight, however, does. Weight of the individual
stages includes propellant (wet weight). Diameter does not take into consideration
the base of the booster stage, which is often much wider than the rest of the cylin-
drical vehicle due to the addition of fins or strap-on engines.
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Engine number changes may not always be noted if only minor modifications of
the engines precipitated the changes. The following abbreviations for propellants
were used throughout the following tables:

IRFNA = inhibited red fuming nitric acid

LH, = liquid hydrogen

LOX = liquid oxygen

N,O; = nitrogen tetroxide

RP-1 = kerosene

UDMH = unsymmetrical dimethylhydrazine
WFNA = white fuming nitric acid

Thrust was measured in newtons (pounds of thrust multiplied by 4.448 equals
newtons). Payload capacity was expressed in the number of kilograms that could be
boosted to a specific ballistic height or to a certain orbit (measured in nautical miles
converted to kilometers).

When available for major vehicles, a listing by launch vehicle number (serial
number or production number) has been provided, with information on how each
vehicle was used and its rate of success. Consult table 1-32 and figure 1-2 for a sum-
mary of the success rates of NASA’s launch vehicles.

A chronology of each vehicle’s development and operation has also been in-
cluded. Development of many of the launch vehicles often preceded the founding of
the space agency, but these early highlights of the vehicle’s history have been provid-
ed. Launch dates and time were based on local time at the launch site.

100
/ ~"]

80 4

[ B
40 /
20 //
0
1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 TOTAL
VEHICLE ATTEMPTS 4 14 17 24 27 15 30 30 36 27 23 247

60

% OF SUCCESS

VEHICLE SUCCESSES 0O 8 10 16 23 14 27 26 34 25 19 202

PERCENT SUCCESSFUL 0 57 69 67 85 93 90 87 94 93 83 82

Figure 4-2. Launch Vehicle Success
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The Atlas Family

When engineers at NACA’s Langley laboratory began seriously studying
manned spacecraft designs in early 1958, they identified the Atlas intercontinental
ballistic missile as a candidate for orbiting a small blunt-shaped craft. Under
development at Consolidated Vultee Aircraft Corporation (Convair, later a division
of General Dynamics) since 1946, Atlas flew its designed range for the first time in
November 1958. NASA, the new civilian space agency, put Atlas to work the next
year. Four Mercury astronauts were boosted into orbit by the Atlas D (also
designated Atlas SLV-3) in 1962-1963 (see tables 1-33, 1-34). This reliable booster
was also put to use during the second phase of the manned program as the Gemini
target launch vehicle. But Atlas played an even larger role in the agency’s space
science and applications program.

Atlas was first paired with the Able upper stage, which was derived from the
Vanguard launch vehicle. This unsuccessful configuration failed in its attempts to
send a Pioneer probe to the moon in 1959-1960 (see tables 1-37, 1-38). The Atlas-
Agena combination fared better. First with Agena B and later with the upgraded
Agena D (manufactured by Lockheed Missiles and Space Company for the Air
Force and NASA), Atlas-Agena launched Mariner, Ranger, Lunar Orbiter, Orbiting
Geophysical Observatory, and Applications Technology Satellite payloads (see
tables 1-39 through 1-43). Teamed with the Antares, a modified solid motor from
the Scout third stage, Atlas was used to hurl reentry experiments (Project FIRE)
onto ballistic trajectories at speeds that simulated lunar spacecraft reentry in
1964-1965 (see tables 1-44, 1-45). Atlas-Centaur was the most promising configura-
tion of the Atlas family. The high-energy Centaur, made by General Dynamics, was
the first American vehicle to use liquid hydrogen as a propellant. During 1966-1968,
Atlas-Centaur launched the Surveyor lunar probe series and one Orbiting
Astronomical Observatory (see tables 1-46 through 1-48). NASA officials seriously
considered one other Atlas-upper stage combination. Vega was being planned by
NASA and General Dynamics as an interim vehicle to be used while Centaur was
undergoing lengthy research and development phases. In 1959, however, the Depart-
ment of Defense revealed its work on the Agena B stage; Atlas-Vega was dropped in
favor of the military’s proposed vehicle (see tables 1-49, 1-50).

The Atlas booster was unique in that it had 1.5 stages. In addition to its primary
booster engines, Atlas carried a sustainer engine system, which was jettisoned short-
ly after launch. The Atlas MA-S propulsion system was manufactured by Rocket-
dyne Division of North American Aviation. In the mid-1960s, NASA funded a
“stretch-out” program for Atlas. By increasing its length, engineers were able to in-
crease the vehicle’s propellant capacity. The Atlas SLV-3X (or SLV-3C) was first
used by NASA in 1966.6
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Table 1-33.
Atlas D/Atlas SLV-3 (Standard
Launch Vehicle-3) Characteristics

Height (m):
Diameter (m):
Launch weight (kg):
Propulsion system
Stages:
Powerplant:
Thrust (newions):
Propellant:
Payload capacity:
Origin:

Contractors:

How utilized:

23.2 (24.1 including the Centaur interstage adapter)
3 (4.9 at the base)
128 879

1.5

Rocketdyne MA-5 propulsion system (see table 1-33)

1752512

LOX/RP-1

With Centaur, 1133 kg to a parking orbit trajectory to the moon

Funds were spent in FY 1965 and 1966 to “stretch out” the standard Atlas, thereby
increasing its propellant capacity.

Consolidated Vultee Aircraft Corp. (Convair/General Dynamics), prime
Rocketdyne Div., North American Aviation, Inc., engines

With Centaur and Agena D upper stages to launch unmanned payloads, from 1966.

Remarks: First used on Oct. 26, 1966 for an Atlas-Centaur R&D launch.
See also: Atlas D/Atlas SLV-3, Atlas-Agena D, and Atlas-Centaur.
Table 1-34.
Atlas SLV-3X/Atlas SLV-3C Characteristics
Height (m): 21.9
Diameter (m): 3 (4.9 at base)

Launch weight (kg):

Propulsion system
Stages:
Powerplant:

Thrust (newtons):

Propellant:
Payload capacity:
Origin:
Contractors:

How utilized:

Remarks:

See also:

117 979

1.5

MA-5 propulsion system, consisting of one sustainer engine (Rocketdyne YLR-105)
producing 266 880 newtons of thrust and two booster engines (Rocketdyne YLR-89)
producing 667 200 newtons of thrust each.

1 601 280

LOX/RP-1

1224.7 kg to 555 km earth orbit

ICBM developed by Convair under contract to U.S. Air Force.

Consolidated Vultee Aircraft Corp. (Convair/General Dynamics), prime
Rocketdyne Div., North American Aviation, Inc., engines

Project Mercury, 1959-1963

With Able, Agena B, Agena D, and Centaur upper stages to launch unmanned
payloads, 1959-1966.

Project Gemini to launch Agena target vehicles, 1966

There were six versions of the Atlas, A to F. NASA used only the D model, which
differed from the military versions in the following ways: modified spacecraft-
launch vehicle adapter section, stronger upper neck, and inclusion of an emergency
system for manned Mercury spacecraft. The Atlas is said to have 1.5 stages. The
half-stage consisted of the sustainer engine plus some supporting structure, which
was jettisoned to reduce weight after the initial boost phase. During 1964-1965,
NASA and Rocketdyne explored the possibility of adding fluorine to the
propellant’s oxidizer to increase Atlas booster performance. The “FLOX Atlas”
project was dropped in 1965 in favor of improving Centaur’s performance.

Atlas SLV-3X/Atlas SLV-3C, Atlas-Able, Atlas-Agena A, Atlas-Agena B, Atlas-
Agena D, Atlas-Antares, Atlas-Centaur, and Atlas-Vega.
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Table 1-35.
Listing of Atlas D Boosters
Vehicle Date Mission Atlas Stage
Serial # Successful*
10 Sept. 9, 1959 Mercury boilerplate test No (electrical failure)
— —  Sept. 24, 1959 Pioneer (Atlas-Able) Yes
20 Nov. 26, 1959 Pioneer (Atlas-Able) Yes
50  July 29, 1960 Mercury MA-1 No (airframe failure)
67  Feb. 21, 1961 Mercury MA-2 Yes
77 Mercury (flight cancelled)
80  Sept. 25, 1960 Pioneer (Atlas-Able) Yes
88  Sept. 13, 1961 Mercury MA-4 Yes
91  Dec. 15, 1960 Pioneer (Atlas-Able) No (airframe failure)
93  Nov. 29, 1961 Mercury MA-5 Yes
100 April 25, 1961 Mercury MA-3 No (flight control failure)
103 Mercury (flight cancelled)
104 May 8, 1962 R&D launch with Centaur (AC-1)  Yes
107 May 24, 1962 Mercury MA-7 Yes
109 Feb 20, 1962 Mercury MA-6 Yes
111  Aug. 23, 1961 Ranger 1 (Atlas-Agena B) Yes
113 Oct. 3, 1962 Mercury MA-8 Yes
117  Nov. 18, 1961 Ranger 2 (Atlas Agena B) Yes
121 Jan. 26, 1962 Ranger 3 (Atlas Agena B) No (guidance system
failure)
126 Nov. 27, 1963 R&D launch with Centaur (AC-2)  Yes
130 May 15, 1963 Mercury MA-9 Yes
133 April 23, 1962 Ranger 4 (Atlas-Agena B) Yes
135 June 30, 1964 R&D launch with Centaur (AC-3)  Yes
144 Mercury MA-10 (cancelled)
145 July 22, 1962 Mariner 1 (Atlas-Agena B) No (ground guidance
failure)
146 Dec. 11, 1964 R&D launch with Centaur (AC4)  Yes
151  Aug. 11, 1965 R&D launch with Centaur (AC-6)  Yes
152 Mercury (unassigned)
156  March 2, 1965 R&D launch with Centaur (AC-5)  No (propellant feed
failure)
167 Mercury (flight cancelled)
174  Oct. 26, 1966 R&D launch with Centaur (AC-9)  Yes
179  Aug. 27, 1962 Mariner 2 (Atlas-Agena B) Yes
184  April 7, 1966 R&D launch with Centaur (AC-8)  Yes
194 Sept. 20, 1966 Surveyor 2 (Atlas-Centaur) Yes
195 Sept. 4, 1964 OGO 1 (Atlas-Agena B) Yes
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Table 1-35.

Listing of Atlas D Boosters (Continued)

Vehicle Date Mission Atlas Stage
Serial # Successful*
196 Feb. 17, 1965 Ranger 8 (Atlas-Agena B) Yes
199 Jan. 30, 1964 Ranger 6 (Atlas-Agena B) Yes
204 March 21, 1965 Ranger 9 (Atlas-Agena B) Yes
215 Oct. 18, 1962 Ranger 5 (Atlas-Agena B) Yes
250 July 28, 1964 Ranger 7 (Atlas-Agena B) Yes
263 April 14, 1964 FIRE I suborbital (Atlas-Antares)  Yes
264 May 22, 1965 FIRE Il suborbital (Atlas- Yes
Antares)
288 Nov. 28, 1964 Mariner 4 (Atlas-Agena D) Yes
289 Nov. §, 1964 Mariner 3 (Atlas-Agena D) Yes
290 May 30, 1966 Surveyor 1 (Atlas-Centaur) Yes
291 July 14, 1967 Surveyor 4 (Atlas-Centaur) Yes
292 April 17, 1967 Surveyor 3 (Atlas-Centaur) Yes
5001 April 8, 1966 OAO 1 (Atlas-Agena D) Yes
5002C Dec. 7, 1968 OAO 2 (Atlas-Centaur) Yes
5101 Dec. 6, 1966 ATS 1 (Atlas-Agena D) Yes
5102 April 5, 1967 ATS 2 (Atlas-Agena D) Yes
5103 Nov. 5, 1967 ATS 3 (Atlas-Agena D) Yes
5104 Aug. 10, 1968 ATS 4 (Atlas-Centaur) Yes
5301 Oct. 25, 1965 Gemini target (Agena D) Yes**
5302 Magch 16, 1966 Gemini target (Agena D) Yes
5303 May 17, 1966 Gemini target (Agena D) No (flight control failure)
5304 June 1, 1966 Gemini target (Agena D) Yes
5305 July 18, 1966 Gemini target (Agena D) Yes
5306 Sept. 12, 1966 Gemini target (Agena D) Yes
5307 Nov. 11, 1966 Gemini target (Agena D) Yes
5401 June 14, 1967 Mariner 5 (Atlas-Agena D) Yes
5601 June 6, 1966 OGO 3 (Atlas-Agena B) Yes
5602A March 4, 1968 OGO 5 (Atlas-Agena D) Yes
5801 Aug. 10, 1966 Lunar Orbiter 1 (Atlas-Agena D) Yes
5802 Nov. 6, 1966 Lunar Orbiter 2 (Atlas-Agena D) Yes
5803 Feb. 4, 1967 Lunar Orbiter 3 (Atlas-Agena D) Yes
5804 May 4, 1967 Lunar Orbiter 4 (Atlas-Agena D) Yes
5805 Aug. 1, 1967 Lunar Orbiter 5 (Atlas-Agena D) Yes
5901C Sept. 8, 1967 Surveyor 5 (Atlas-Centaur) Yes
5902C Nov. 7, 1967 Surveyor 6 (Atlas-Centaur) Yes
5903C Jan. 7, 1968 Surveyor 7 (Altas-Centaur) Yes

*8 failures out of 67 attempts (88% successful).
tThe Agena stage, however, malfunctioned shortly after separation.
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Table 1-36.
Chronology of Atlas Development and Operations
Date Event

1946 Contract awarded by U.S. Air Force to Consolidated Vultee Aircraft Cor-
poration (Convair) to develop a long-range missile, the MX-774.

1947 Contract with Convair cancelled due to budget restraints; Convair continued
research on its own.

1950 Air Force reestablished missile program.

Jan. 1951 Convair contract with Air Force reinstated (Project MX-1953); proposed
missile named Atlas.

1953 Essentials of Atlas design were developed by 1953,

June 11, 1957 Atlas flight testing began.

March 1958 NACA Langley designers considered Atlas for the first U.S. manned

Oct. 17-18, 1958

Nov. 24, 1958
Dec. 18, 1958
Sept. 9, 1959

Nov. 26, 1959

June 18, 1960

July 29, 1960

Feb. 21, 1961
April 25, 1961

Sept. 13, 1961
Nov. 29, 1961
Feb. 20, 1962
May 24, 1962
Oct. 3, 1962
May 15, 1963
1965-1966

Oct. 26, 1966

spaceflight program.

Langley personnel opened negotiations with the Air Force Ballistic Missile
Division to procure Atlas vehicles.

Atlas flew its designed range for the first time.
First orbital launch of entire vehicle (Air Force Project Score).

NASA successfully conducted Mercury Big Joe boilerplate test with Atlas
10-D (the Atlas, however, suffered an electrical failure).

Unsuccessful launch of Atlas-Able with a Pioneer lunar probe; failure due to
upper stage malfunctions; first time Atlas was used with an upper stage.

Atlas 50-D delivered to Cape Canaveral for first Mercury-Atlas mission
(MA-1).

MA-1 launch was unsuccessful because of launch vehicle and adapter struc-
tural failure.

MA-2 launch was successful.

MA-3 launch was unsuccessful because of launch vehicle failure to assume
proper trajectory.

MA-4 launch was successful; Atlas declared safe for manned launch.
MA-5 launch was successful with chimpanzee aboard.

MA-6 launch was successful; first manned flight using Atlas launch vehicle.
MA-7 launch was successful.

MA-8 launch was successful.

MA-9 launch was successful.

Funds were spent to modify the Atlas; by stretching out the vehicle’s tanks its
propellant capacity was increased; work was accomplished by Convair.

First launch of stretched-out Atlas with Centaur upper stage (R&D launch)
was successful.
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Table 1-37.
Atlas-Able Characteristics
Ist stage 2d stage 3d stage 4th stage Total
(Atlas) (w/payload)
Height (m): 21.9 5.3 1.9 0.7 29.8
Diameter (m): 3
Launch weight (kg): 117 780 2265 390 154 120 589
Propulsion system
Stages: 4
Powerplant: MA-§ AJ10-101 Altair X-248 injection rocket
propulsion
system
Thrust (newtons): 1 601 280 33 360 13 344 1930 1649914
Propellant: LOX/RP-1 WFNA/UDMH Solid hydrazine
Payload capacity: 680 kg to 555 km earth orbit
227 kg to lunar impact
136 kg to escape trajectory for interplanetary mission
Origin: Able stages derived from the Vanguard launch vehicle.
Contractors: Space Technology Laboratories, Able assembly, instrumentation, checkout, and

How utilized:
Remarks:

See also:

Pioneer payload (4th stage)

Consolidated Vultee Aircraft Corp. (Convair/General Dynamics), Atlas
Rocketdyne Div., North American Aviation, Inc., Atlas engines

Aerojet-General, 2d-stage engine

Alleghany Ballistics Laboratory, Hercules Powder Co., 3d stage engine

Pioneer lunar probe (with Atlas booster stage).

Failed due to upper stage malfunctions in all three attempts to launch the Pioneer
lunar probe; retired in 1960.

First configuration in which the Atlas was mated with an upper stage.

Atlas D/Atlas SLV-3, Thor-Able, and Vanguard.
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Table 1-38.

Chronology of Atlas-Able Development and Operations

Date

Event

1955

Dec. 6, 1957

Late 1957

March 17, 1958

March 27, 1958

April 23, 1958
Aug. 17, 1958
Fall 1958

Nov. 1958

Sept. 24, 1959
Nov. 26, 1959
Sept. 25, 1960
Dec. 15, 1960

Aerojet-General received an Air Force contract to design and produce a
second-stage propulsion system for Vanguard derived from the Aerobee-Hi
sounding rocket engine.

First Vanguard test vehicle launch with live second stage (TV-3); vehicle ex-
ploded due to first stage malfunction.

Air Force requested Aerojet-General to modify stage for use in ICBM nose
cone reentry tests. Two months later the first Able upper stage was delivered.
It was used with the Thor booster as the Thor-Able RTV (reentry test
vehicle).

First successful Vanguard launch; second stage performed as expected.
Vanguard was used through 1959.

NACA directed the Air Force Ballistic Missile Division to proceed with the
procurement of two Able probes, Able 3 and 4.

First Thor-Able RTV launch.
Thor-Able 1 exploded due to first stage malfunction.

Atlas-Able combination suggested to NASA by Abe Silverstein, director, Of-
fice of Space Flight Development, to launch small probes to the moon.

Work was begun on Atlas-Able probe project under agreement between NASA
and Air Force Ballistic Missile Division. Space Technology Laboratories began
constructing Able 3 and 4.

Atlas-Able vehicle exploded on pad during ground tests.
Unsuccessful launch of Pioneer lunar probe with Atlas-Able.
Second unsuccessful launch of Pioneer lunar probe with Atlas-Able.

Third unsuccessful launch of Pioneer lunar probe with Atlas-Able. Atlas-
Able vehicle retired without a successful launch.
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Height (m):
Diameter (m):
Launch weight (kg):
Propulsion system
Stages:
Powerplant:

Thrust (newtons):

Propellant:
Payload capacity:
Origin:

Contractors:

How utilized:
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Table 1-39.
Atlas-Agena A Characteristics
1st stage 2d stage Total
(Atlas) (Agena A) (w/adapter)
21.9 5.9 29
3 1.5
117 780 3851 121 631
2
MA-5 Bell XLR-81 (model
propulsion system 8001; upgraded to model
8048)
1 601 280 67 610 1 668 890
LOX/RP-1 IRFNA/UDMH

2265 kg to 555 km earth orbit

Derived from the proposed Atlas-Hustler, a configuration proposed to the Air Force
in the late 1950s.

Consolidated Vultee Aircraft Corp. (Convair/General Dynamics), Atlas
Rocketdyne Div., North American Aviation, Inc., Atlas engines

Lockheed Missiles and Space Co., Agena

Bell Aerospace, Textron, 2d-stage engine

Proposed for launching unmanned satellites into earth orbit.

Remarks: Tailor-made to requirements for each mission. Because the improved Agena B
became available, the Agena A was never used by NASA. The Bell engine was also
called the “Hustler”; the first model used JP4 fuel, the second IRNA/UDMH.

See also: Atlas D/Atlas SLV-3, Atlas-Agena B, and Atlas-Agena D.

Table 1-40.
Atlas-Agena B Characteristics
Ist stage 2d stage Total
(Atlas) (Agena B) (w/adapter)

Height (m): 21.9 7.2 30.6

Diameter (m): 3 1.5

Launch weight (kg): 117 780 7022 124 802

Propulsion system 2

Stages:

Powerplant: MA-5 Bell XLR-81-Ba-9 (model
propulsion system 8081; upgraded to 8096)

Thrust (newtons): 1 601 280 71 168 1 672 448

Propellant: LOX/RP-1 IRFNA/UDMH

Payload capacity: 2627 kg to 555 km earth orbit
340 kg to escape trajectory
204 kg to Mars or Venus

Origin: Uprated Atlas-Agena A.

Contractors: Consolidated Vultee Aircraft Corp. (Convair/General Dynamics), Atlas Rocket-

How utilized:
Remarks:
See also:

dyne Div., North American Aviation, Inc., Atlas engines Lockheed Missiles and
Space Co., Agena

Bell Aerospace, Textron, 2d-stage engine

To launch the Mariner and Ranger series and two OGO satellites.

Capable of engine restart.

Atlas D/Atlas SLV-3, Atlas-Agena A, Thor-Agena B, Atlas-Agena D, and Thrust-
Augmented Thor-Agena B and D.
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Remarks:

See also:
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Table 1-41.

Atlas-Agena D Characteristics
Ist stage 2d stage Total
(Atlas) (Agena D) (w/adapter)
21.9 7.2 30.6
23.2 (SLV-3C) 32.1 (w/SLV-3C)
3 1.5
117 780 7248 125 028
128 879 (SLV-3C) 136 127 (w/SLV-3C)

2

MA-5 Bell XLR-81-Ba-9
propulsion system (model 8247)
1 601 280 71 168 1 672 448
1752 512 (SLV-3C) 1 823 680 (w/SLV-3C)
LOX/RP-1 N.0,/UDMH

2718 kg to 555 km earth orbit

385 kg to escape trajectory

250 kg to Mars or Venus

Uprated Atlas-Agena B.

Consolidated Vultee Aircraft Corp. (Convair/General Dynamics), Atlas
Rocketdyne Div., North American Aviation, Inc., Atlas engines

Lockheed Missiles and Space Co., Agena

Bell Aerospace, Textron, 2d-stage engine

Target vehicle for Project Gemini, 1966.

To launch Mariner, OAO, Lunar Orbiter, and ATS unmanned payloads.

The Agena D model could accept a greater variety of payloads than could the B
model.

Work was underway in 1967 for an uprated Agena D Bell engine, model 8533.
Atlas D/Atlas SLV-3, Atlas SLV-3C, Atlas-Agena A, Atlas-Agena B, and Thrust-
Augmented Thor-Agena B and D.
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Table 1-42.
Listing of Agena B and D Stages

Vehicle Date of BorD Mission Agena Stage
Serial # Launch _ Model Successful*
6001 Aug. 23, 1961 B Ranger 1 (Atlas-Agena) No (failed to restart)
6002 Nov. 18, 1961 B Ranger 2 (Atlas-Agena) No (attitude control
system failed)
6003 Jan. 26, 1962 B Ranger 3 (Atlas-Agena) Yes
6004  Apr. 23, 1962 B Ranger 4 (Atlas-Agena) Yes
6005 Oct. 18, 1962 B Ranger 5 (Atlas-Agena) Yes
6006 Feb. 17, 1965 B Ranger 8 (Atlas-Agena) Yes
6007 March 21, 1965 B Ranger 9 (Atlas-Agena) Yes
6008  Jan. 30, 1964 B Ranger 6 (Atlas-Agena) Yes
6009 July 28, 1964 B Ranger 7 (Atlas-Agena) Yes
6101  Sept. 28, 1962 B Alouette 1 (Thor-Agena) Yes
6102 Nov. 28, 1965 B Explorer 31 and Alouette 2 Yes
(Thor-Agena)
6201  Aug. 28, 1964 B Nimbus 1 (Thor-Agena) Yes
6202  May 14, 1966 B Nimbus 2 (Thor-Agena) Yes
6301  Jan. 25, 1964 B Echo 2 (Thor-Agena) Yes
6501  Sept. S5, 1964 B OGO 1 (Atlas-Agena) Yes
6502  Oct. 14, 1965 D OGO 2 (Thor-Agena) Yes
6901  July 22, 1962 B Mariner 1 (Atlas-Agena) N/A (Atlas stage
failed)
6902  Aug. 27, 1962 B Mariner 2 (Atlas-Agena) Yes
AD71/5001  Nov. 11, 1966 D GATYV 5001, Gemini 12 Yes
(Atlas-Agena)
AD82/5002  Oct. 25, 1965 D GATYV 5002, Gemini 6A No (probable hard
start)
ADI108/5003  March 16, 1966 D GATYV 5003, Gemini 8 (Atlas- Yes
Agena)
ADI109/5004 May 17, 1966 D GATYV 5004, Gemini 9A N/A (Atlas stage
(Atlas-Agena) failed)
ADI129/5005  July 18, 1966 D GATV 5005, Gemini 10 Yes
(Atlas-Agena)
ADI130/5006  Sept. 12, 1966 D GATYV 5006, Gemini 11 Yes
(Atlas-Agena)
ADI136/6151  Dec. 6, 1966 D ATS 1 (Atlas-Agena) Yes
AD137/6152  Apr. S, 1967 D ATS 2 (Atlas-Agena) No (failed to restart)
AD140/6153  Nov. §, 1967 D ATS 3 (Atlas-Agena) Yes
ADI165/6221  May 18, 1968 D Nimbus B (Thor-Agena) N/A (Thor stage
failed)
ADI123/6311  June 23, 1966 D PAEGOS 1 (Thor-Agena) Yes
ADI171/6503  March 4, 1968 D OGO S (Atlas-Agena) Yes
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Table 1-42.
Listing of Agena B and D Stages (Continued)
Vehicle Date of BorD Mission Agena Stage
Serial # Launch Model Successful*
ADI21/6630  Sept. 12, 1966 D Lunar Orbiter 1 (Atlas-Agena)  Yes
ADI122/6631 Nov. 6, 1966 D Lunar Orbiter 2 (Atlas-Agena)  Yes
ADI128/6632  Feb. 4, 1967 b Lunar Orbiter 3 (Atlas-Agena)  Yes
ADI131/6633 May 4, 1967 D Lunar Orbiter 4 (Atlas-Agena)  Yes
AD159/6634  Aug. 1, 1967 D Lunar Orbiter 5 (Atlas-Agena)  Yes
AD99/6703  Apr. 8, 1966 D OAOQ | (Atlas-Agena) Yes
AD74/6801  June 6, 1966 B OGO 3 (Atlas-Agena) Yes
ADI133/6802  July 28, 1967 D OGO 4 (Thor-Agena) Yes
AD68/6931  Nov. 5, 1964 D Mariner 3 (Atlas-Agena) Yes
AD69/6932  Nov. 28, 1964 D Mariner 4 (Atlas-Agena) Yes
ADI157/6933  June 14, 1967 D Mariner 5 (Atlas-Agena) Yes

*4 failures out of 38 attempts (89% successful).

Table 1-43.

Chronology of Agena Development and Operations

Date

Event

Oct. 1956

1957

Jan. 1959
Feb. 28, 1959

April 24, 1959

-Dec. 11, 1959

Early 1960

April 1960

Development began at Lockheed under contract to the Air Force Ballistic
Missile Division to develop an advanced military satellite system (WS 117L)
and its associated upper stage vehicle, which would be capable of in-orbit
propulsion and control. The upper stage was called Hustler after its Bell
engine, and later renamed Agena. The Hustler engine had been under Bell
Aerospace’s purview since 1956. It was designed to provide 66 720 newtons of
thrust for an air-to-surface missile which would be carried by a B-58 bomber.
When requirements for the missile were dropped, the engine was transferred
to the Agena project.

The Air Force Ballistic Missile Division contracted with Lockheed for the
Agena.

NASA had plans for using Agena with Thor and Atlas boosters.

First Air Force launch of an Agena with a Thor first stage. Used by the Air
Force to launch the Discoverer satellite series from Feb. 28, 1959 through
Sept. 13, 1960.

Air Force issued a contract amendment to Lockheed for the development of
an advanced Agena, to be known as Agena B.

NASA’s Vega launch vehicle program was cancelled in favor of the Air Force
Atlas-Agena B. An Agena B Coordinating Board was established to assist the
Air Force and NASA in coordinating the development and utilization of the
new Agena.

NASA’s Marshall Space Flight Center, Huntsville, AL, was given authority
to supervise procurement of Agena B vehicles for NASA from the Air Force
Ballistic Missile Division, who would acquire them directly from Lockheed.

Agreement was reached between NASA and Lockheed for the purchase of 16
Agena B vehicles over the next three years.
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Table 1-43.

Chronology of Agena Development and Operations (Continued)

Date

Event

May 1960
Oct. 26, 1960

Nov. 12, 1960
1961

Feb. 1961

Aug. 23, 1961

1961-1966

May 29, 1962

June 1962
Dec. 12, 1962

Sept. 1963

1964-1968

First successful launch of Atlas-Agena A, carrying the Midas 2 satellite.

Unsuccessful launch of Air Force Thor-Agena B with Discoverer satellite;
failure due to stage separation malfunction.

First Air Force launch of Agena B on an Atlas booster.

Atlas-Agena A discontinued by the Air Force in favor of follow-on Atlas-
Agena B.

Agreement signed between NASA and Air Force regarding procurement of
Agena B vehicles.

NASA'’s first launch of Atlas-Agena B with Ranger 1, a lunar probe, as the
payload. The Agena stage failed to restart, and the probe was injected into
low earth orbit.

Atlas-Agena B combination used to launch Ranger I through 9, with Ranger
4 being the first mission during which the two-stage launch vehicle performed
satisfactorily. Atlas-Agena B was also used with Mariner 1 and 2 and OGO !
and 3, with the last launch of an Agena B taking place on June 6, 1966.
(NASA used a total of 18 Agena B stages; 5 of these were used with the Thor
booster.)

NASA memorandum of agreement was issued stating that the adoption of an
improved Agena model, the Agena D, was desirable.

Air Force successfully flight tested the Agena D.

Atlas-Agena program authority transferred from Marshall Space Flight
Center to Lewis Research Center, Cleveland.

New agreement between Air Force and NASA was reached regarding pro-
curement of Agena vehicles and cooperation between the two organizations.

From Nov. 5, 1964 through 1968, Atlas-Agena D was used 20 times to launch
6 Project Gemini targets, PAEGOS 1, Mariner 3 through 5, Lunar Orbiter 1
through 5, ATS I through 3, and OGO 5. The March 4, 1968 launch of OGO
5 utilized the stretched-out Atlas SLV-3C. (NASA also used the Thor-Agena
D configuration four times in 1965-1968.)
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Height (m):
Diameter (m):
Launch weight (kg):
Propulsion system
Stages:
Powerplant:

Thrust (newtons):

Propellant:
Payload capacity:
Origin:

Contractors:

How utilized:

Table 1-44.
Atlas-Antares Characteristics
Ist stage 2d stage Total
{Atlas) (Antares) (w/adapter)
21.9 2.9 25.6
3 0.7
117 780 1258 122 310
2.5
MA-§ ABL X-259
propulsion system
1 601 280 106 752 1 708 032
LOX/RP-1 solid

90 kg on a 9260 km ballistic trajectory

The Antares upper stage was a modified Antares solid motor from the 3d stage of
the Scout launch vehicle.

Consolidated Vultee Aircraft Corp. (Convair/General Dynamics), Atlas
Rocketdyne Div., North American Aviation, Inc., Atlas engines

Alleghany Ballistics Laboratory, Hercules Powder Co., 2d stage

Project FIRE (Flight Investigation Reentry Environment).

Remarks: Special test launch vehicle used to obtain direct measurements of reentry heating at a
speed in excess of 40 225 kilometers per hour to simulate lunar spacecraft and in-
terplanetary probe reentry.

See also: Atlas D/Atlas SLV-3 and Scout.

Table 1-45.
Chronology of Atlas-Antares Operations
Date Event

April 14, 1964

May 22, 1965

Launch of FIRE 1 (Flight Investigation Reentry Environment) was suc-
cessful.

Launch of FIRE 2 was successful.
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Height (m):

Diameter (m):

Launch weight (kg):

Propulsion system
Stages:
Powerplant:

Thrust (newtons):
Propellant:
Payload capacity:

Origin:
Contractors:

How utilized:

Remarks:

See also:
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Table 1-46.
Atlas-Centaur Characteristics
23.2 13 34
14.6 w/payload fairing
3 3
128 879 17 145 146 024
2.5
MA-5 2 RL-10s
propulsion system
1752 512 66 720 x 2 = 133440 1 885952
LOX/RP-1 LOX/LH.;

3857 kg to 555 km earth orbit

1225 kg to escape trajectory

815 kg to Venus or Mars

General Dynamics studies for a high-energy second stage.

Consolidated Vultee Aircraft Corp. (Convair/General Dynamics), Atlas
Rocketdyne Div., North American Aviation, Inc., Atlas engines

General Dynamics, Centaur

Pratt & Whitney, 2d-stage engines

Originally planned to boost 1962-1965-era Mars and Venus spacecraft, but due 1o
development problems with Centaur it was not used until 1966 to launch the
Surveyor lunar probe series (1966-1968) and other scientific satellites.

First American launch vehicle to utilize liquid hydrogen as a propellant. One of the
serious problems with the vehicle’s development was hydrogen loss; heat transfer
between the oxygen and hydrogen fuel tanks caused the liquid hydrogen to
evaporate.

Early R&D launches used the standard Atlas; the stretched-out Altas was first used
on Oct. 26, 1966 with AC-9.

Atlas D/Atlas SLV-3 and Atlas SLV-3C.
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Table 1-47.
Listing of Centaur Vehicles

43

Vehicle Date Mission
Serial # - B

F-1 May 8, 1962 R&D launch
AC-2 Nov. 27, 1963 R&D launch
AC-3 June 30, 1964 R&D launch
AC4 Dec. 11, 1964 R&D launch
AC-5 March 2, 1965 R&D launch
AC-6 Aug. 11, 1965 R&D launch
AC-7 Sept. 20, 1966 Surveyor 2
AC-8 April 7, 1966 R&D launch
AC-9H Oct. 26, 1966 R&D launch
AC-10 May 30, 1966 Surveyor 1
AC-11 July 14, 1967 Surveyor 4
AC-12 April 17, 1967 Surveyor 3
AC-13 Sept. 8, 1967 Surveyor 5
AC-14 Nov. 7, 1967 Surveyor 6
AC-15 Jan. 7, 1968 Surveyor 7
AC-16 Dec. 7, 1968 OAO 2
AC-17 Aug. 10, 1968 ATS 4

Centaur Stage
Successful*

No (fairing malfunction)
Yes

No (premature engine
shutdown)

Yes

No trial (Atlas stage shut
down prematurely)

Yes
Yes
No (failed 2d burn)
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No (failure to ignite)

*4 failures out of 16 attempts (75% successful).
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Table 1-48.
Chronology of Atlas-Centaur Development and Operations
Date Event
1956 Convair/General Dynamics began to study high-energy second stages that
could be used with the Atlas booster.
Oct. 1957 Studies for a Centaur prototype were completed; General Dynamics began

Aug. 28, 1958

July 1, 1959
July 1960

Jan. 1961

Oct. 30, 1961
May 8, 1962

Sept. 1962

Nov. 27, 1963
June 30, 1964

Dec. 11, 1964

March 2, 1965

Mid-1965
Aug. 11, 1965

April 7, 1966

May 30, 1966
Sept. 20, 1966
Oct. 26, 1966
Dec. 1966

April 17, 1967-
Dec. 7, 1968

discussions with the Advanced Research Projects Agency (ARPA).

ARPA requested the Air Force Research and Development Command to
oversee a contract with General Dynamics for the development of an upper
stage for Atlas to be propelled by liquid oxygen and liquid hydrogen (con-
tract executed on Nov. 14). Pratt & Whitney received a contract for the
stage’s engine development.

Responsibility for Centaur was transferred to NASA.

NASA proposed to utilize Centaur, which was being managed by the new
Marshall Space Flight Center, for 1962 Venus and Mars missions.

The Centaur launch schedule was revised due to problems with engine
development; first mission rescheduled for 1964.

First flight vehicle shipped to Cape Canaveral by General Dynamics.

First Atlas-Centaur test launch (AC-1) was unsuccessful due to Centaur fair-
ing failure. Launch schedule revised again with first mission set for 1965.

Marshall recommended cancelling Centaur; management responsibility for
Centaur was transferred to Lewis Research Center, Cleveland.

AC-2 R&D launch was successful.

AC-3 R&D launch achieved majority of objectives, but experienced
premature Centaur engine shutdown.

AC-4 R&D launch with model of Surveyor lunar probe was successful, but
secondary two-burn inflight experiment was not completed.

AC-5 R&D launch was unsuccessful due to premature shutdown of Atlas
stage.

Centaur declared operational.

AC-6 R&D launch with new propellant utilization system was successful
(simulated Surveyor launch).

AC-8 R&D launch was unsuccessful; the dummy payload was not put into
the planned parking orbit.

Launch of Surveyor I lunar probe was successful.
Launch of Surveyor 2 lunar probe was successful.
AC-9 R&D launch with stretched-out Atlas SLV-3C was successful.

NASA decided to launch OAO and ATS satellites with Atlas-Centaur rather
than Atlas-Agena D.

Atlas-Centaur successfully launched Surveyor 3 through 7 and OAO 2. The
attempt to launch ATS 4 on Aug. 10, 1968 failed when Centaur ignition did
not occur and the spacecraft and second stage did not separate.
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Table 1-49.
Proposed Atlas-Vega Characteristics

Ist stage 2d stage 3d stage Total

(modified Atlas) (optional)

18.6 4.8 6.4 29.9

3 3 3

117 910 14 512 2268 134 690
2.50r3.5

MA-5 GE 405H-2 JPL design

propulsion system

1 601 280 155 680 26 688 1 783 648

LOX/RP-1 LOX/RP-1 solid

2177 kg to 555 km earth orbit

476 kg to escape trajectory (with 3d stage)

227 kg to lunar orbit (with 3d stage)

NASA design

Consolidated Vultee Aircraft Corp. (Convair/General Dynamics), Atlas
Rocketdyne Div., North American Aviation, Inc., Atlas engines, Consolidated
Vultee Aircraft Corp., (Convair/General Dynamics), Vega

General Electric, 2d-stagé engine

Jet Propulsion Laboratory, 3d-stage engine

General purpose “interim” launch vehicle to be used for a variety of missions until
Atlas-Centaur became operational.

Remarks: Dropped in favor of DoD-sponsored Atlas-Agena B.
See also: Atlas D/Atlas SLV-3.
Table 1-50.
Chronology of Atlas-Vega Development
Date Event
Fall 1958 Vega design was conceived by NASA engineers as an interim upper stage to

Dec. 15, 1958

Jan. 30, 1959

March 18, 1959

March 18, 1959
April 4, 1959

Oct. 13, 1959

Dec. 11, 1959

be used with Atlas booster for a variety of unmanned and manned missions
until Atlas-Centaur was available.

Atlas-Vega design was proposed by NASA in an interagency meeting on U.S.
launch vehicles; it was described as a three-stage vehicle with a thrust of near-
ly two million newtons.

Funds were made available to the Jet Propulsion Laboratory for third stage
development.

Convair, General Dynamics Corp., was awarded the prime contract for
Atlas-Vega development and production.

General Electric Co. was awarded a contract for the second stage engine.

Launch schedule plan was adopted for Vega, with the first flight set for Aug.
1960.

Civilian-Military Liaison Committee recommended that the Vega stage be
dropped in favor of the DoD-sponsored Agena B.

Vega was cancelled in favor of Agena B, which had a similar payload capaci-
ty and development schedule.
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Juno I and II

NASA adopted the Juno I and Juno II military vehicles to launch its early Ex-
plorer satellites and probes. Juno I, made from a modified Jupiter C, successfully
launched the first American satellite, Explorer 1, for the Army in 1957, Juno I was
transferred to NASA shortly after the civilian agency was established and was used
only once unsuccessfully before it was replaced by Juno 1. An extended Jupiter in-
termediate ballistic missile served as Juno II’s booster stage. NASA used Juno I in
1958-1961 with poor results: only 3 successful missions in 10 attempts. NASA’s own
Scout launch vehicle replaced Juno as the primary launcher for the Explorer series.”’

Table 1-51.
Juno I Characteristics
Ist stage 2d stage 3d stage 4th stage Total
(modified (w/payload)
Redstone)
Height (m): 17.1 approx. 1.2 approx. 1.2 approx. 1.5 21
Diameter (m): 1.8
Launch weight (kg): 28 828 575 244 varied with approx. 30 000
payload
Propulsion system
Stages: 4
Powerplant: Rocketdyne 11 scaled-down 3 scaled-down 1 scaled-down
A-7 Sergeants, Sergeants, Sergeant
clustered clustered
Thrust (newtons): 369 184 73 392 24 019 8006 474 601
Propellant: LOX/ solid solid solid
hydrazine
Payload capacity: 18 kg to 555 km earth orbit
Origin: Developed by the Army Ballistic Missile Agency and the Jet Propulsion Laboratory.
Contractors: Chrysler, prime

Rocketdyne Div., North American Aviation, Inc., Ist-stage engine Jet Propulsion
Laboratory, upper-stage engines

How utilized: To launch early Explorer satellites.

Remarks: Juno 1 is sometimes incorrectly referred to as Jupiter C, which was a three-stage
launch vehicle used by the Army for reentry nose cone tests. Juno I is an adaptation
of Jupiter C.

See also: Mercury-Redstone and Juno II.
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Table 1-52.
Chronology of Juno I Development and Operations

Date

Event

Sept. 20, 1956

Nov. 8, 1957

Jan. 31, 1958

March 5, 1958
March 26, 1958
July 26, 1958
Aug. 24, 1958

The Army conducted the first long-range firing of J upiter C, a three-stage
vehicle (Redstone, plus two solid-fuel upper stages). Jupiter C was used for
missile nose cone reentry tests by the Army.

The Army was directed to launch a scientific satellite for the International
Geophysical Year with a modified Jupiter C with an added fourth stage, a
single Sergeant motor. This launch vehicle became known as Juno.

Launch of Explorer I, the first American satellite, by the Army Ballistic
Missile Agency was successful.

Launch of Explorer 2 was unsuccessful due to fourth-stage malfunction.
Launch of Explorer 3 was successful.
Launch of Explorer 4 was successful.

Launch of Explorer 5 was unsuccessful; satellite failed to achieve orbit.

Oct. 21, 1958 Juno was transferred to NASA.

Oct. 22, 1958 Launch of Beacon 1, a suborbital atmospheric physics test developed by
Langley Research Center, was unsuccessful due to premature upper stage
separation.

Table 1-53.
Juno II Characteristics
Ist stage 2d stage 3d stage 4th stage Total
(extended (w/payload)
Jupiter)

Height (m): 19.6 approx. 1.2 approx. 1.2 approx. 1.5 23.5

Diameter (m): 2.7

Launch weight (kg): 49 000 575 244 varied 50 111

Propulsion system

Stages: 4
Powerplant: Rocketdyne 11 scaled-down 3 scaled-down 1 scaled-down
5-30 Sergeants, Sergeants, Sergeant
clustered clustered
Thrust (newtons): 667 200 66 720 17 792 7117 758 829
Propellant: LOX/ solid solid solid
RP-1
Payload capacity: 45 kg to 555 km earth orbit
20 kg to escape trajectory
Origin: Upgraded Juno I, which was developed by the Army.
Contractors: Chrysler, prime

How utilized:
Remarks:

See also:

Rocketdyne Div., North American Aviation, Inc., Ist-stage engine

Jet Propulsion Laboratory, upper-stage engines

To launch Explorer scientific satellites.

Jupiter IRBM propellant capacity was increased by extending the booster section
and fuel tanks by 0.9 meter.

Juno 1.
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Table 1-54.
Chronology of Juno II Development and Operations
Date Event
1955 Work began on the Jupiter intermediate range ballistic missile by the Army
Ballistic Missile Agency.
March 1957 First Jupiter IRBM flight tests.
Sept. 1958 Chrysler delivered first flight qualification missile to Army Ballistic Missile
Agency. Jupiter was named as the new booster stage for the Juno launch
vehicle, which was redesignated Juno 1I.
Oct. 21, 1958 NASA adopted the Juno 11 vehicle.
Dec. 6, 1958 Launch of Pioneer 3 lunar probe was unsuccessful due to several launch vehi-

March 3, 1959

cle malfunctions that prevented the spacecraft from escaping earth orbit.

Launch of Pioneer 4 was unsuccessful; the probe was put into heliocentric
rather than lunar orbit when the second stage fired too long.

July 16, 1959 Launch of Explorer probe was unsuccessful; the vehicle was destroyed short-
ly after launch when it deviated sharply from its course.

Aug. 14, 1959 Launch of Beacon 2 was unsuccessful due to booster and attitude control
system malfunctions.

Oct. 13, 1959 Launch of Explorer 7 was successful.

March 23, 1960 Launch of Explorer probe was unsuccessful due to upper stage malfunction.

Aug. 1960 Marshall Space Flight Center assumed overall responsibility for Juno II;
prior to this time JPL had shared the authority with Marshall.

Nov. 3, 1960 Launch of Explorer 8 was successful.

Feb. 24, 1961 Launch of Explorer probe was unsuccessful; the probe did not achieve proper

April 27, 1961
May 24, 1961

orbit.
Launch of Explorer 11 was successful.

Launch of Explorer probe was unsuccessful due to second-stage failure.

Little Joe I and Little Joe 11

NASA engineers designed Little Joe I and Little Joe II to serve as test vehicles
for two manned spacecraft projects. The two vehicles are not related, but were both
used to verify spacecraft abort systems and to simulate other mission phases.

Little Joe I, the airframes for which were manufactured by North American

Aviation, was first put on the launch pad at Wallops Island in August 1959 with a
boilerplate model of the Mercury capsule. In the event of a malfunctioning Redstone
or Atlas booster, Mercury astronauts would need an escape system. With Little Joe
I, this system was verified under a variety of conditions. Two of the eight payloads
carried biological payloads, as well. The last test took place in April 1961. For more
information see table 2-29.

Little Joe II served the Apollo program. Built by Convair/General Dynamics,
Little Joe 11 demonstrated the Apollo abort system at transonic, high-altitude, and
intermediate-altitude phases of launch. Four Apollo boilerplate models were
launched by the test vehicle in 1964-1966 at White Sands. (For more information see
table 2-51).8




Height (m):
Diameter (m):

Launch weight (kg):
Propulsion system

Stages:
Powerplant:

Thrust (newtons):

Propellant:

Payload capacity:

Origin:
Contractors:

How utilized:
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Table 1-55.
Little Joe I Characteristics
16.8
2
18 140

1

4 Thiokol Castors + 4 Thiokol Recruits

1 023 040

solid

1814 kg on a 160 km ballistic path

NASA design

North American Aviation, prime

Thiokol Chemical Corp., propulsion system

Project Mercury manned capsule qualification tests (matched altitude that could be
reached with the Mercury-Redstone). Capsule escape system was tested at maximum
dynamic pressure; parachute system was qualified; search and retrieval methods
were verified.

Remarks: Designed exclusively for Project Mercury tests.
Table 1-56.
Chronology of Little Joe I Development and Operations
Date Event

Aug. 1958 NACA’s Langley Research Center Pilotless Aircraft Research Division was
requested to prepare specifications for a vehicle capable of launching full-
scale and full-weight manned spacecraft for tests to a maximum altitude of
160 kilometers.

Nov. 1958 Twelve companies responded to NASA’s invitation for bids to construct Lit-
tle Joe airframes.

Dec. 29, 1958 North American Aviation was assigned the prime contract.

Aug. 21, 1959

Sept. 25, 1959

Oct. 4, 1959

Nov. 4, 1959

Dec. 4, 1959

Jan. 21, 1960

Nov. 8, 1960

March 18, 1961

April 28, 1961

Thirty minutes before the first Little Joe scheduled launch (LJ-1), the rocket
fired prematurely. Capsule and tower combination were launched on an off-
the-pad abort trajectory.

North American completed shipment of the airframes.

Little Joe 6 (also called LJ-1) launch was successful with a Mercury
boilerplate model.

Little Joe 1A (also called LJ-2) launch was successful with a Mercury
boilerplate model.

Little Joe 2 (also called LJ-3) launch was successful with a Mercury
boilerplate model and a biological payload (a rhesus monkey).

Little Joe 1B (also called LJ-4) launch was successfull with a Mercury
boilerplate model and a biological payload (a rhesus monkey).

Little Joe 5 launch with Mercury production capsule was unsuccessful;
escape rocket and tower jettison rocket ignited prematurely; booster, cap-
sule, and tower did not separate.

Little Joe SA (also called LJ-6) launch with a production capsule was a par-
tial success; the escape rocket fired prematurely.

Little Joe 5B (also called LJ-7) launch with a production capsule was suc-
cessful; two of the Castor motors carried ballast rather than propellant.
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Diameter (m):
Launch weight (kg):
Propulsion system
Stages:
Powerplant:

Propellant:
Payload capacity:
Origin:
Contractors:

How utilized:
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Table 1-57.
Little Joe II Characteristics

10
3.9

25 924 —63 368

1

1 Aerojet-General Algol 1D + 6 Thiokol Recruit TE-29s
Thrust (newtons): 459 034 + (148 563 x6 =891 379) = 1 350 413

solid

12 698 kg to an altitude of 35 km on a ballistic path

NASA design

General Dynamics/Convair, prime

Aerojet General, propulsion system Thiokol

Chemical Corp., propulsion system

Simulations of flight conditions to be experienced during Apollo missions. Struc-
tural design and escape system of Apollo command module was tested under max-
imum aerodynamic conditions.

Remarks: Completely different design from Mercury’s Little Joe 1, but used for the same kind
of program—testing of a spacecraft abort system and simulation of mission
characteristics. First U.S. launch vehicle to utilize a corrugated skin.

Table 1-58.
Chronology of Little Joe 11 Development and Operations
Date Event
June 1961 Apollo engineers suggested using a fin-stabilized, clustered-rocket, solid pro-

April 6, 1962
May 11, 1962
Feb. 18, 1963
July 16, 1963
Aug. 28, 1963
May 13, 1964

Dec. 8, 1964

May 19, 1965

Jan. 20, 1966

pellant booster for boilerplate flight tests of Apollo.

A request for proposals was issued for the production of an Apollo test
launch vehicle.

Convair/General Dynamics was selected to develop the Little Joe vehicle; a
letter contract was awarded.

A definitive contract was negotiated with Convair/General Dynamics.

Convair delivered the first flight vehicle to the White Sands test facility.
The first launch of Little Joe 11 demonstrated the overall capability of the
vehicle for Apollo simulations.

Launch of A-001 (Apollo Transonic Abort) with Apollo boilerplate was suc-
cessful.

Launch of A-002 (Apollo Max q Abort) with Apollo boilerplate was suc-
cessful.

Launch of A-003 (Apolio High Altitude Abort) with Apollo boilerplate was
unsuccessful. However, the launch escape system took the boilerplate safely
away from the malfunctioning launch vehicle, which was what the mission
was designed to accomplish.

Launch of A-004 (Intermediate Altitude Abort) with Apollo boilerplate was
successful.
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Mercury-Redstone

Project Mercury, the first step in the NASA manned spaceflight program, was
undertaken to prove that one man could safely orbit earth and return to a predeter-
mined point. The Atlas missile was being modified to boost astronauts to orbit, but
a less powerful, less expensive vehicle was required for the manned ballistic tests that
would precede orbital flight. Two of the Army’s missiles became candidates for the
role.

In October 1958, days after the space agency was officially opened for business,
NASA requested eight Redstone and three Jupiter missiles from the Army for Proj-
ect Mercury. In the interest of simplifying launch operations, the requirement for
Jupiter was soon dropped. Redstone was modified for manned use by Chrysler Cor-
poration, its manufacturer, and was ready for verification tests by late 1960. A
chimpanzee was Mercury-Redstone’s first passenger. In 1961, two missions were
launched successfully with astronauts on board. (For more information see chapter
2 under Mercury.)®

Table 1-59.
Mercury-Redstone Characteristics

Height (m): 18 (25.3 w/spacecraft)
Diameter (m): 1.8
Launch weight (kg): 29 931
Propulsion system

Stages: 1

Powerplant: Rocketdyne A-7

Thrust (newtons): 346 944

Propellant: LOX/RP-1
Payload capacity: 1814 kg to an altitude of 189 km on a ballistic path.
Origin: Army ballistic missile.
Contractors: Chrysler Corp., prime

Rocketdyne Div., North American Aviation, Inc., engine

How utilized: Project Mercury launch vehicle for ballistic shots.
Remarks: First large ballistic missile developed by the U.S. Redstone propellant

tanks elongated for Mercury.
See also: Juno 1.
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Table 1-60.

Chronology of Mercury-Redstone Development and Operations

Date

Event

1950

March 27, 1951

May 1, 1951
April 8, 1952
Oct. 28, 1952

Aug. 20, 1953
June 18, 1958
Oct. 6, 1958

Jan. 8, 1959

Jan. 1960
July 1, 1960

Aug. 3, 1960
Nov. 21, 1960
Dec. 19, 1960

Jan. 31, 1961

March 24, 1961
May 5, 1961
July 21, 1961
June 1964

The Army’s Guided Missile Center recommended further development of the
proposed Hermes Cl surface-to-surface missile and the North American
XLR43-NA-1 engine to meet Department of the Army’s requirements for a
tactical missile system.

Contract was awarded to North American to modify their engine for the
missile system.

A development program was begun for a new missile.
The new missile was assigned the name Redstone.

Chrysler was issued a letter contract as prime contractor for Redstone pro-
duction.

First R&D flight test.
First operational deployment.

Tentative agreement was reached between NASA and the Army Ordnance
Missile Command whereby the Army would supply 10 Redstones and 3
Jupiters for NASA’s manned program.

NASA supplied funds to the Army Ordnance Missile Command for 8
Redstones; the Army Ballistic Missile Agency began production planning of
Mercury-Redstone.

First Mercury-Redstone static test firing.

Authority for the Mercury-Redstone was transferred from the Army Ballistic
Missile Agency to Marshall Space Flight Center.

Mercury-Redstone 1 arrived at Cape Canaveral.
Launch of MR-1 was unsuccessful due to premature booster cutoff.

Launch of MR-1A to qualify abort system and spacecraft-launch vehicle
combination was successful.

Launch of MR-2 with a biological payload (chimpanzee) was successful, but
a malfunction caused the engine to operate at a higher thrust level, which
caused the capsule to impact beyond the target area.

Launch of MR-BD (Booster Development) was successful.
Launch of MR-3 with a man aboard was successful.
Launch of MR-4 with a man aboard was successful.

Redstone missile program was deactivated.
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Nova

Nova was proposed by early NASA advanced planners as a “super booster,”
capable of sending large spacecraft directly to the moon and beyond. Ten powerful
F-1 engines would make up its first stage; a nuclear engine was being considered for
the third stage. Four major aerospace companies were studying designs for the giant
launcher in the early 1960s.

Also under development at this time was the Saturn family of vehicles.
Managers at NASA Headquarters and at the Marshall Space Flight Center recogniz-
ed that the agency could not afford both. In July 1962, NASA chose the lunar
rendezvous mode for Apollo, the agency’s manned lunar program, over direct as-
cent, cancelling any immediate need for Nova. Saturn would serve Apollo’s needs.
Although studies of possible Nova configurations and missions continued for two
more years, hardware design and development were never commenced, !0

Table 1-61.
Proposed Nova Characteristics

Ist stage 2d stage 3d stage Total
Height (m): 35 107-114
Diameter (m): 15-18
Launch weight (kg): 4 530 000-
5 436 000

Propulsion system: Several configurations were proposed that would use F-1, M-1, J-2, solid-
propellant, or nuclear engines.

Stages: 3
Powerplant 8-10 1-2 1
(example A): Rocketdyne Aerojet General Rocketdyne
F-1s M-1s J-2
Thrust (newtons): 53 376 000- 5 337 600- 889 600 59 603 200-
66 720 000 10 675 200 78 284 800
or or or
Powerplant 10-12 10 nuclear
(example B): Rocketdyne Rocketdyne engine
F-1s J-2s
Thrust (newtons): 66 720 000- 8 896 000 undefined undefined
80 064 000
Propellant: LOX/RP-1 LOX/LH, LOX/LH; or
nuclear
Origin: NASA design
Contractors
for design
study: General Dynamics, Martin Marietta, Boeing, and Douglas
How utilized: Proposed for manned missions to the moon and for planetary flights.

Remarks: Operational target for this super-booster was 1970.
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Table 1-62.
Chronology of Nova Development
Date Event
Jan. 1959 Nova was officially proposed by NASA to serve as a “super rocket” more

powerful than the Saturn; it would utilize a 6 700 000-newton thrust single-
chamber engine under development by the Air Force. Nova would be capable
of direct ascent to the moon. Rocketdyne was awarded a contract by NASA
for F-1 engine development.

Aug. 1959 Launch vehicle managers at NASA Headquarters recognized the possibility
of conflicts between Saturn and Nova proponents.

Early 1961 The von Braun team indicated that NASA would be overextended if it pur-
sued development of both Saturn C-2 and Nova.

Aug. 1961 First open test firing of the F-1 engine.

Jan. 24, 1962 NASA awarded a contract for M-1 engine development to Aerojet-General.

March 28, 1962 Marshall Space Flight Center issued a request for proposals for Nova systems
definition and preliminary design.

July 1962 General Dynamics and Martin Marietta were chosen for Nova study con-
tracts.

July 11, 1962 NASA endorsed the Saturn C-5 and the lunar rendezvous mode for its first
lunar program, thereby cancelling an immediate need for Nova.

Oct. 1, 1962 Martin Marietta was awarded a Nova launch facilities study contract.

1963-1964 Nova studies were continued as part of post-Saturn planning funded by Mar-

shall’s Future Projects Office, but no large booster beyond the Saturn class
was seriously considered by NASA.

The Saturn Family

Wernher von Braun’s earliest proposals to the U.S. Army were for large
clustered-engine rockets. With such a vehicle, heavy payloads could be put into orbit
or spacecraft could reach the moon. The Advanced Research Projects Agency ap-
proved plans for an Army Ballistic Missile Agency clustered-engine booster in
August 1958. Von Braun’s multistage vehicle was called Juno.

The first contracts let for Juno were to the engine maker. Rocketdyne (later a
division of North American Aviation) set to work uprating its Thor-Jupiter engine
(H-1) and developing an even larger powerplant, the F-1 (also being considered for
the proposed Nova vehicle). In November 1959, NASA assumed management
responsibility for the large booster program, which had been redesignated Saturn.
The agency soon recommended that long-range development include a family of
Saturn launch vehicles. By the summer of 1962, Saturn had a firm assignment: it
would boost Apollo astronauts to the moon.

The first member of the family was the two-stage Saturn I (originally called
Saturn C-1). Powered by engines made at Rocketdyne and Pratt & Whitney, both
stages were flight tested in a 1964 launch. Five Apollo boilerplate models were
launched by Saturn I in 1964-1965 as a step toward qualifying the spacecraft for
manned flight.
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Saturn IB (also called C-1B and Uprated Saturn) was a step closer to the vehicle
required for lunar missions. Used to perform the earth-orbital phase of Apollo, it
depended on nine Rocketdyne engines in its two stages. Saturn IB helped qualify the
Apollo spacecraft three times in 1966 and 1968, On October 11, 1968, it boosted
Apollo 7 with a crew of three astronauts into orbit.

Plans for Saturn V (also called Saturn C-5), NASA’s largest launch vehicle, were
officially approved in January 1962. Powered by 11 Rocketdyne engines, its first
launch took place in 1967. Saturn V’s three stages sent an Apollo spacecraft to lunar
orbit for the first time in December 1968 (Apollo 8). This reliable vehicle would be
used in the next decade of NASA’s operations for lunar exploration and Apollo ap-
plications (Skylab) missions.

The Marshall Space Flight Center oversaw the work of many Saturn contrac-
tors. The major ones were Rocketdyne Division of North American Aviation
(Saturn I first-stage propulsion, Saturn IB first- and second-stage propulsion, and
Saturn V first-, second-, and third-stage propulsion, plus Saturn V second-stage air-
frame), Chrysler Corporation (Saturn I first-stage airframe, Saturn IB first-stage
airframe), Pratt & Whitney Aircraft Company (Saturn [ second-stage propulsion),
Douglas Aircraft Corporation (Saturn I second-stage airframe, Saturn IB second-
stage airframe, Saturn V third-stage airframe), and Boeing Company (Saturn V
first-stage airframe).!!
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Figure 1-3. Comparison of Three Saturn Launch Vehicles

Source: From Courtney G. Brooks, James M. Grimwood, and Loyd S. Swenson, Chariots for Apollo; A History of Manned
Lunar Spacecraft, NASA SP-4205 (Washington, 1979), p. 93.
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Table 1-63.
Saturn I Characteristics

1st stage 2d stage Instrument Total w/
S-1) S-1v) Unit spacecraft & tower
Height (m): 25 12 0.86 57.9
Diameter (m): 6.5 5.6 4
Launch weight (kg):385 475 45 350 1179 453 500
Propulsion system
Stages: 2
Powerplant: 8 Rocketdyne H-1s 6 Pratt & Whitney
RL-10A3s
Thrust (newtons): 6 672 000 400 320 7 072 320
Propellant: LOX/RP-1 LOX/LH;
Payload capacity: 9070 kg in 555 km earth orbit
Origin: Army Ballistic Missile Agency (von Braun team) design
Contractors: North American Aviation, first-stage propulsion

How utilized:

Chrysler, first stage
Pratt & Whitney, second-stage propulsion
Douglas, second stage

First

step toward perfecting the Saturn V vehicle for lunar missions. Used in

qualification tests of the Apollo spacecraft.

Remarks: Briefly referred to as Juno V.
See also: Saturn IB and Saturn V.
Table 1-64.
Chronology of Saturn I Development and Operations
Date Event

April 1957 Studies were begun by the Army’s von Braun team at Redstone Arsenal on
Jarge boosters capable of launching 9070 to 18 140 kilograms into orbit or
2721 to 5442 kilograms to an escape trajectory.

Dec. 1957 The Army Ballistic Missile Agency proposed to DoD a booster capable of
6 672 000 newtons of thrust with a cluster of four Rocketdyne engines.

Aug. 15, 1958 The Advanced Research Projects Agency (ARPA) authorized the Army

Sept. 11, 1958

Oct. 1958

Dec. 1958
Jan. 9, 1959

Feb. 3, 1959
April 28, 1959

Nov. 18, 1959
Dec. 1959

Ballistic Missile Agency to conduct an R&D program at Redstone for a
6 672 000-newton booster (unofficiailly known as Juno V).

Contract was awarded to Rocketdyne to update the Thor-Jupiter engine,
which became the H-1.

ARPA tentatively identified the advanced multistage launch vehicle as Juno
V.

First full-power H-1 engine firing.

Rocketdyne was awarded a contract to develop a larger single-chamber
engine, the F-1.

ARPA officially named the project Saturn.

First production H-1 engine was delivered to the Army Ballistic Missile
Agency.

NASA assumed technical direction of Saturn.

ARPA and NASA requested an engineering study for a three-stage Saturn
from the Army Ordnance Missile Command.
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Table 1-64.
Chronology of Saturn I Development and Operations (Continued)
Date Event

Dec. 15, 1959 Saturn Vehicle Evaluation Committee recommended a long-range develop-
ment program for a family of Saturn launch vehicles, the first to be called
C-1.

Jan. 18, 1960 The Saturn project was formally approved and given the highest national
priority.

March 16, 1960 Saturn transfer to NASA became official.

March 28, 1960
April 26, 1960

July 1, 1960
Aug. 10, 1960

Oct. 21, 1960

Feb. 1961
March 1961

April 29, 1961
June 1961

July 1961

Sept. 15, 1961

Oct. 27, 1961
Nov. 6, 1961
Nov. 17, 1961
Nov. 19, 1961
April 25, 1962

May 1962

Aug. 6, 1962
Nov. 16, 1962
Feb. 1963
March 28, 1963
June 1963

Oct. 30, 1963

First live firing of Saturn test booster.

NASA awarded Douglas Aircraft Co. a contract to develop the Saturn sec-
ond stage (S-1V).

Program was formally transferred to the Marshall Space Flight Center.

NASA awarded a contract to Pratt & Whitney to develop the LR-119 engine
for the S-IV and S-V stages of the C-1 vehicle.

NASA awarded a study contract to Convair for the S-V upper stage, but the
requirement for an S-V stage on the C-1 was dropped in Jan. 1961.

First horizontal assembly of a complete C-1 vehicle.

Marshall redirected Pratt & Whitney’s development of the LR-119; instead,
the RL 10-A-1 would be used for Centaur and the S-1V stage.

First flight qualification test of SA-1 booster was successful.

Contract was awarded to Chrysler for the management of the quality and
reliability testing program required to qualify the various Saturn booster
components,

Rocketdyne static fired the F-1 engine. Contracts were awarded to General
Dynamics, Douglas, Lockheed, and Martin Marietta to study a nuclear-
powered upper stage for Saturn.

SA-1 vehicle was completely assembled on the launch pedestal at launch com-
plex 34, Cape Canaveral.

SA-1 launch was almost flawless (first stage test only; dummy second stage).
S-II stage was redesigned to incorporate five J-2 engines.

Chrysler Corp. was selected to build 20 S-I boosters.

RL-10 engine was successfully tested (first U.S. liquid hydrogen engine).

SA-2 launch was successful (first-stage test only; second stage was filled with
water —called Project Highwater).

S-II stage was lengthened from 22.9 meters to 24.8 meters; S-IC stage was
shortened from 43 meters to 42 meters.

Chrysler was awarded a contract to produce 21 C-1 boosters.
SA-3 launch was successful (first-stage test only).

Saturn C-1 was renamed Saturn I.

SA-4 launch was successful (first-stage test only).

Dynamics test of S-IV stage with Apollo boilerplate and launch escape system
was completed.

Saturn 1 manned missions were dropped from NASA’s plans, thereby
deleting the need for six Saturn I vehicles. Later that winter a third Pegasus
meteoroid detector satellite mission was planned for the 10th Saturn I launch.
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Table 1-64.

Chronology of Saturn 1 Development and Operations (Continued)

Date

Event

Oct. 31, 1963
Jan. 29, 1964
May 28, 1964

Sept. 18, 1964

Feb. 16, 1965

May 25, 1965

July 30, 1965

Marshall received the first production model F-1 engine.
SA-5 launch was successful with live first and second stages.

SA-6 launch was successful with the guidance system active for the first time
and an Apollo boilerplate model included in the configuration.

SA-7 launch with Apollo boilerplate command and service modules was suc-
cessful. Saturn [ was declared operational.

SA-9 launch with Apollo boilerplate and Pegasus ! meteoroid detection
satellite was successful.

SA-8 launch with Apollo boilerplate and Pegasus 2 was successful (first
contractor-built S-1 stage).

SA-10 launch with Apollo boilerplate and Pegasus 3 was successful; this
marked the conclusion of the Saturn I program.

Table 1-65.
Saturn IB Characteristics
Ist stage 2d stage Instrument Total w/
(S-1B) (S-1VB) Unit spacecraft & tower
Height (m): 24.5 17.8 0.9 68.3
Diameter (m): 6.5 6.6 6.6
Launch weight (kg): 401 348 103 852 1859 589 550
Propulsion system
Stages: 2
Powerplant: 8 Rocketdyne H-1s 1 Rocketdyne J-2
Thrust (newtons): 7 116 800 1 000 800 8 117 600
Propellant: LOX/RP-1 LOX/LH,
Payload capacity: 16 598 kg to 195 km earth orbit
Origin: Uprated Saturn L.
Contractors: North American Aviation, first-stage propulsion
Chrysler, first stage
North American, second-stage propulsion
Douglas, second stage
How utilized: To further qualify the Apollo spacecraft and the Saturn stages required for the lunar
missions; also used for astronaut training.
Remarks: Called Uprated Saturn 1 from May 1966 through 1967.

See also: Saturn [ and Saturn V.
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Table 1-66.

Chronology of Saturn 1B Development and Operations

Date

Event

March 31, 1961
May 1961

June 23, 1961
Dec. 21, 1961

July 11, 1962

Feb. 1963
Aug. 1963

Oct. 30, 1963
Nov. 8, 1963

Nov. 27, 1963
June 1964
April 1, 1965

July 1965

Aug. 9, 1965
Sept. 19, 1965
Oct. 1, 1965
Oct. 28, 1965
Dec. 26, 1965

Feb. 26, 1966

May 6, 1966
May 19, 1966
July 5, 1966

Aug. 25, 1966
Jan, 22, 1968
Jan. 1968

Oct. 11, 1968

NASA approved the accelerated development of the Saturn C-2 vehicle.

Reexamination of the C-2 configuration to support lunar circumnavigation
indicated a need for a Saturn with greater performance capability.

Design work on C-2 was discontinued in favor of C-3 and Nova concepts.

Douglas was selected to modify the second stage (S-1VB) by installing a single
J-2 engine capable of 889 600 newtons thrust.

NASA announced the need for a new two-stage Saturn for manned earth-
orbital missions with full-scale Apollo spacecraft.

Saturn C-1B was renamed Saturn IB.

Contracts were awarded to Chrysler for the S-1B stage and to Douglas for the
S-1VB stage.

Speedup of Saturn IB development was approved.

Marshall Space Flight Center directed Rocketdyne to develop an uprated H-1
engine,

First extended-duration firing test of J-2 engine.
Rocketdyne delivered the first four uprated H-1 engines.

First stage was successfully static-fired for the first time; Rocketdyne was
authorized to increase the H-1’s capability to 911 840 newtons.

Rocketdyne initiated a development program to uprate the thrust capability
of the J-2 engine to 1 023 040 newtons.

Chrysler shipped the first IB booster to Kennedy Space Center.
First VB stage arrived at Kennedy.

Stages were mated at launch complex 34.

Rocketdyne delivered to Chrysler the first two H-1 uprated engines.

An Apollo spacecraft was added to the launch vehicle; together they were
designated AS-201.

Launch of AS-201 was successful (suborbital test of Apollo command
module heat shield).

First uprated J-2 engine arrived at Marshall.
Saturn IB was renamed Uprated Saturn I.

Launch of AS-203 without a spacecraft was successful (observation of liquid
hydrogen in zero gravity).

Launch of AS-202 was successful (test of command module heat shield).
Launch of 4pollo 5 (AS-204) with lunar module was successful.
Uprated Saturn 1 was officially designated Saturn IB.

Launch of Apollo 7 (AS-205) with crew of three was successful.
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Height (m):
Diameter (m):
Launch weight (kg):
Propulsion system
Stages:
Powerplant:

Thrust (newtons):
Propellant:
Payload capacity:

Origin:
Contractors:

How utilized:
Remarks:
See also:
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Table 1-67.
Saturn V Characteristics

Ist stage 2d stage 3d stage Instrument Total w/

S-1C) (S-11) (S-1VB) Unit spacecraft &
tower

42.1 249 17.9 0.9 111

10.1 10.1 6.6 6.6

2076 123 437 628 105 212 2041 2 621 004
3

5 5 1

Rocketdyne Rocketdyne Rocketdyne J-2

F-1s J-2s

33360 000 5 004 000 1 023 040 39 387 040

LOX/RP-1 LOX/LH; LOX/LH;

129 248 kg to 195 km earth orbit

45 350 kg to escape trajectory

Uprated Saturn IB.

North American, 1st-, 2d-, and 3d-stage propulsion and 2d
stage Boeing, Ist stage, Douglas, 3d stage

To launch Apollo lunar missions.

Called Saturn C-5 in 1961-1962.

Saturn I and Saturn IB.
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Table 1-68.

Chronology of Saturn V Development and Operations

Date

Event

Sept. 11, 1961
Nov. 10, 1961
Dec. 15, 1961

Dec. 21, 1961

Jan. 25, 1962
Feb. 9, 1962
Mid-May 1962

Aug. 6, 1962
Aug. 8, 1962
Aug. 15, 1962
Feb. 1963
May 1963
April 23, 1966

Aug. 26, 1966

Jan. 21, 1967
Jan. 27, 1967

April 27, 1967

NASA selected North American to develop and build the S-I1 stage for an ad-
vanced Saturn.

NASA received proposals from five firms for the development and produc-
tion of advanced Saturn boosters.

Boeing was selected as the most likely candidate for prime contractor of the
S-1C stage of advanced Saturn.

Douglas was selected to modify the second stage of Saturn IB by installing a
single J-2 engine of 889 600 newtons thrust. Called the S-IVB stage, it would
be used as the third stage in the advanced Saturn.

NASA approved the development of the three-stage Saturn C-5 for the
manned lunar program.

Preliminary contract was awarded to North American to design and fabricate
the S-1I stage of C-S.

Marshall Space Flight Center directed Douglas to increase the diameter of the
S-IVB stage to 6.6 meters.

Boeing was awarded a contract for the development of the C-5 booster.
Douglas was awarded a contract for 11 S-IVB stages.

Rocketdyne was awarded a contract to continue H-1 engine R&D.

Saturn C-5 was renamed Saturn V.

The J-2 engine was successfully fired for the first time.

First captive firing of Saturn V second stage test vehicle, which developed
more than 4 million newtons of thrust.

First Saturn V flight booster was shipped to Kennedy Space Center.

First S-1I stage arrived at Kennedy.

Jet Propulsion Laboratory issued a request for proposals for preliminary
design studies of unmanned Voyager missions to Mars to be launched by
Saturn V.

Saturn upper stage model outfitted as a manned orbital workshop arrived at
Marshall.

May 1967 S-1VB orbital workshop design review was held at Marshall.

June 1967 AS-501 was erected.

July 11, 1967 First and second stages of AS-502 were mated.

Aug. 3, 1967 Successful completion of Apollo-Saturn V dynamic test program.

Aug. 26, 1967 Rollout of first Saturn V vehicle, the AS-501, at Kennedy.

Nov. 9, 1967 Launch of Apolio 4 (AS-501) was successful.

April 4, 1968 Launch of Apollo 6 (AS-502) was partially successful (premature second-
stage engine shutdown and third-stage failure to restart).

Dec. 21, 1968 Launch of Apollo 8 (AS-504) with crew of three was successful; the
spacecraft orbited the moon.

Scout

Scout was NASA’s most frequently used small launch vehicle. A product of the
Langley Research Center, its development was initiated in 1957 when the laboratory
was part of the National Advisory Committee for Aeronautics. Scout’s designers
created a vehicle that depended on off-the-shelf components and a small budget; ac-
cordingly, it was dubbed the “poor man’s rocket.” Both NASA and the Air Force
recognized the importance of the solid-fuel Scout for launching small payloads and
pushed for its early completion. Vought Astronautics of Chance Vought Aircraft
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(later Ling-Temco-Vought, Incorporated), the prime contractor, delivered the first

four-stage Scout

to Wallops Island in 1960.

NASA used Scout to launch more than a score of Explorer-class satellites and
probes, small payloads with scientific objectives, in 1961-1968. But Scout’s design
was not static. In 1962, its first and third stages were upgraded with new engines, as
was the fourth stage in 1963. In response to requests from the military for more

reliability and in

anticipation of an increased demand for a small-satellite launcher,

NASA further improved the second and fourth stages in 1965. Scout’s payload
capacity had more than doubled by 1965!2

Table 1-69.
Scout Characteristics (as of 1968)
1st stage 2d stage 3d stage 4th stage Total
(Algol 1IB) (Castor 1) (Antares 1I) (Altair 1H)
Height (m): 9.1 6.2 29 1.5 219
Diameter (m): 1 0.8 0.7 0.5
Launch weight (kg): 10 771 4429 1260 300 16 780
Propulsion system
Stages: 4
Powerplant: Aerojet- Thiokol Hercules UTC
General TX 354 ABL X-259 FW-4S
Thrust (newtons): 449 248 271 328 93 408 25798 839 782

Propellant:
Payload capacity:

Origin:

Contractors:

How utilized:

Remarks:

solid solid solid solid

145 kg to 555 km earth orbit

45 kg to an altitude of 8000-9600 km

Pilotless Aircraft Research Division, Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics
Vought Astronautics Div., Chance Vought Aircraft (Ling-Temco-Vought, Inc.),
prime
Aerojet-General, first-stage propulsion
Thiokol Chemical Corp., second-stage propulsion
Alleghany Ballistics Laboratory, Hercules Powder Co., third- and fourth-stage pro-
pulsion
United Technology Center, fourth-stage propulsion
To launch Explorer and other small scientific satellites, including a number of inter-
national payloads.
As NASA'’s first launch vehicle program of its own, the emphasis was on off-the-
shelf components; Scout was thus dubbed the “poor man’s rocket.”
Scout was upgraded several times from 1960 to 1968 (see table 1-70).
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Table 1-71.
Listing of Scout Vehicles
Vehicle Date Mission Successful
Serial # Launch*
ST-1 July 1, 1960 R&D launch Partial (4th-stage separa-
tion incomplete)
ST-2 QOct. 4, 1960 R&D launch Yes
ST-3 Dec. 4, 1960 Beacon satellite No (2d-stage failure)
ST4 Feb. 16, 1961 Explorer 9 Yes
ST-5 June 30, 1961 S-55 satellite No (3d-stage failure)
ST-6 Aug. 25, 1961 Explorer 13 Partial (orbit life of
satellite reduced by 4th-
stage malfunction)
ST-7 Oct. 19, 1961 P-21 probe Yes
ST-8 March 1, 1962 R&D launch (plus Reentry Yes
Heating Experiment 1)
ST-9 March 29, 1962 P-21A Yes
P-21A probe
S-110 July 20, 1963 Reentry Heating No (Ist-stage failure)
Experiment 3
S-113 June 28, 1963 NASA launch of Air Force Yes
geophysics research payload
S-114 Aug. 31, 1962 R&D launch (plus Reentry No (3d-stage failure)
Heating Experiment 2)
S-115 Dec. 16, 1962 Explorer 16 Yes
S-116 May 22, 1963 RFD-1 (Reentry Flight Yes
Demonstration) for AEC
S-122R Dec. 19, 1963 Explorer 19 Yes
S-123RR Oct. 9, 1964 Explorer 22 Yes
S-124R July 20, 1964 SERT 1 Yes
S-127 March 27, 1964 Ariel 2 Yes
S-129R Aug. 18, 1964 Reentry Heating Yes
Experiment 4
S-130R Oct. 9, 1964 RFD-2 for AEC Yes
S-131R Aug. 10, 1965 R&D launch Yes
S-133R Nov. 6, 1964 Explorer 23 Yes
S-134R Aug. 25, 1964 Explorer 20 Yes
S-135R Nov. 21, 1964 Explorer 24 and 25 Yes
S-136R April 29, 1965 Explorer 27 Yes
S-137R Dec. 15, 1964 San Marco 1 Yes
S-138R Nov. 18, 1965 Explorer 30 Yes
S-139R Dec. 6, 1965 FR-1 French satellite Yes
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Table 1-71.
Listing of Scout Vehicles (Continued)
Vehicle Date Mission Successful
Serial # Launch
S-141C Feb. 9, 1966 Reentry Heating Experiment 5 Yes
S-147C June 10, 1966 NASA launch of Air Force OV3- Yes
IV research satellite
S-152C May 29, 1967 ESRO 2A No (4th-stage failure;
payload did not achieve
orbit)
S-155C May 5, 1967 Ariel 3 Yes
S-159C Oct. 19, 1967 RAM C-1 Yes
S-160C March 5, 1968 Explorer 37 Yes
S-161C May 16, 1968 ESRO 2B (IRIS) Yes
S-164C April 27, 1968 Reentry Heating Yes
Experiment 6
S-165C Aug. 8, 1968 Explorer 39 and 40 Yes
S-167C Oct. 3, 1968 ESRO 1 (Aurorae) Yes
S-168C Aug. 22, 1968 RAM C-2 Yes

*$ failures out of 39 attempts (87% successful).
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Table 1-72.
Chronology of Scout Development and Operations
Date Event
July 1957 The Pilotless Aircraft Research Division (PARD) at NACA’s Langley center

Summer 1958
Aug. 11, 1958
Oct. 1958
Oct.-Dec. 1958
Feb. 27, 1959

March 1959

March 1, 1959

April 1959
April 18, 1960

July 1, 1960

Oct. 4, 1960
Dec. 4, 1960
Feb. 16, 1961
March 1961

June 30, 1961-
Oct. 3, 1968

Nov. 1, 1961

1962
March 29, 1962
Aug. 31, 1962

recognized the need to extend the performance capabilities of existing
research rockets.

A design for a new rocket was conceived by PARD.
Specifications for the rocket were drafted.

NASA assumed responsibility for Scout development.
Contracts were let for propulsion development.

Memorandum of understanding between NASA and the Air Force, which
was also developing a small all-solid-fueled launch vehicle was signed to
avoid duplication. NASA would have responsibility for Scout development
while the Air Force would make the necessary modifications it required to
Scout for military payloads.

Contracts with Minneapolis-Honeywell Regulator Co. and Aerojet-General
were announced by NASA.

NASA and the Air Force officially announced their joint Scout program; the
Air Force’s version of the vehicle would be called Blue Scout.

Vought was awarded a contract for the airframes and the launch tower.

During a component test to analyze first- and third-stage performance, the
vehicle broke up after first-stage burnout.

First complete Scout launch from Wallops Station; fourth-stage separation
was not accomplished.

Scout R&D launch was successful.
Beacon satellite launch was unsuccessful due to second-stage failure.
Explorer 9 launch was successful (first satellite launch with Scout).

Decision was announced to increase the performance of Scout’s third and
fourth stages, the work to be funded jointly by NASA and the Navy.

Scout was used by NASA to launch 18 orbital payloads and 7 ballistic ex-
periments, plus 11 non-NASA payloads.

Launch of Mercury-Scout 1 (Mercury Network Test Vehicle or MNTV), a
small communications payload to verify the Project Mercury tracking net-
work, was unsuccessful due to a technician’s error; the vehicle was destroyed
43 seconds after launch.

First and third stages of Scout were upgraded.
Launch of P-21A probe was successful (first flight with X-259 engine).

Scout R&D launch to test an improved first stage (Algol 11B) was unsuc-
cessful due to a third-stage electrical malfunction.
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Table 1-72.
Chronology of Scout Development and Operations (Continued)
Date Event
1963 Fourth stage was upgraded.
June 28, 1963 Launch of an Air Force research payload was successful (first flight of ABL
X-258 engine on fourth stage).
Nov. 1963 The Air Force and the Navy urged NASA to improve the reliability of Scout.
Nov. 21, 1964 Two Explorer satellites were successfully launched with a single Scout.
1965 Second and fourth stages were upgraded.
Aug. 10, 1965 R&D launch to evaluate upgraded second and fourth stages was successful.

The Thor Family

Thor was developed in 1956 by Douglas Aircraft Company as an intermediate
range ballistic missile for the Air Force, but it also proved to be a most useful
booster for launching Air Force and NASA unmanned payloads to earth orbit. Not
a year went by during NASA’s first decade that the agency did not make use of Thor
with either the Able, Agena, or Delta upper stage.

NASA used the Thor-Able combination only five times in 1958-1960, with three
successful launches. The Able stage was derived from the Vanguard vehicle by the
Air Force (see tables 1-76, 1-77). More successful was the Thor-Agena configura-
tion, also initiated by the Air Force. NASA put Thor to work with Lockheed’s
Agena B in 1962, replacing the upper stage with the improved restartable Agena D in
1966 (see tables 1-78 through 1-83). But Thor was most frequently launched with
Delta, a two-part vehicle designed by NASA engineers and produced by Douglas.
Together Thor and Delta went through 12 configuration changes over nine years (see
table 1-84). Delta’s two stages were steadily improved; strap-on engines were added
to Thor (Thrust-Augmented Delta, or TAD); Thor was lengthened (Thorad); Delta’s
second stage was omitted in two models. Thor-Delta, often called simply Delta, was
highly successful in launching Echo, Explorer, Tiros, Syncom, Orbiting Solar
Observatory, Intelsat, and other scientific and applications satellites: only 5 failures
in 63 attempts in 1960-1968 (see tables 1-85, 1-86).

Thor’s powerplant was augmented by the addition of three strap-on solid-fuel
Thiokol engines, almost doubling the booster’s thrust. This version of Thor was
used with Agena B, Agena D, and Delta. By stretching the Thor booster from 17 to
21.6 meters in length, Douglas gave the vehicle more propellant, increasing its burn
time. The thrust-augmented Thorad, as the lengthened Thor was called, was paired
with Agena D and Delta. The improved Thor-Delta was able to put Intelsat 3 com-
munications satellites (286.7 kilograms) into geosynchronous orbit (approximately
35 000 kilometers) in 1968.!3
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Table 1-73.
Thor Characteristics

Height (m):
Diameter (m):

Launch weight (kg):
Propulsion system

Stages:
Powerplant:

Thrust (newtons):

Propellant:

Payload capacity:

Origin:
Contractors:

How utilized:

Remarks:

See also:

17
2.4
48 978

1
Rocketdyne
MB-1 Basic
LR79-NA-9
676 096
LOX/RP-1

243 kg to an altitude of 463 km on a ballistic path

Air Force IRBM.

Douglas Aircraft Co., Inc. (McDonnell Douglas), prime
Rocketdyne Div., North American, propulsion system
To launch inflation tests for Echo.

With Able, Agena B, Agena D, and Delta upper stages to launch a variety of un-

manned payloads.

Echo inflation test launch vehicles used an MB-3 propulsion system capable of

733 920 newtons of thrust.

The standard model Thor used was the DM-18.
Thor was upgraded in some configurations with the addition of strap-on engines and
by the elongation of its tanks. See following tables.
Thor-Able, Thor-Agena B, Thrust-Augmented Thor-Agena B and D, Long-Tank,
Thrust-Augmented Thor-Agena D, and Thor-Delta.

Table 1-74.
Listing of Thor Stages
Vehicle Manufactur- Date Mission Thor Stage
ing no./Model no. Successful*
129/DM-1812-6 Nov. 8, 1958 Pioneer 2 (Thor-Able I) Yes
130/DM-1812-6 Oct. 11, 1958 Pioneer 1 (Thor-Able I) Yes
134/DM-1812-6 Aug. 7. 1959 Explorer 6 (Thor-Able I1I) Yes
144/DM-19 May 13, 1960 Echo (Thor-Delta) Yes
148/DM-1812-2 April 1, 1960 Tiros 1 (Thor-Able 1) Yes
219/DM-1812-6A March 11, 1960 Pioneer 5 (Thor-Able 1V) Yes
245/DM-19 Nov. 23, 1960 Tiros 2 (Thor-Delta) Yes
270/DM-19 Aug. 12, 1960 Echo 1 (Thor-Delta) Yes
286/DM-19 July 12, 1961 Tiros 3 (Thor-Delta) Yes
295/DM-19 March 25, 1961 Explorer 10 (Thor-Delta) Yes
301/DM-19 March 7, 1962 OSO t (Thor-Delta) Yes
312/DM-19 Aug. 15, 1961 Explorer 12 (Thor-Delta) Yes
316/DM-19 July 10, 1962 Telstar 1 (Thor-Delta) Yes
317/DM-19 Feb. 8, 1962 Tiros 4 (Thor-Delta) Yes
318/DM-19 Sept. 18, 1962 Tiros 6 (Thor-Delta) Yes
320/DM-19 April 26, 1962 Ariel 1 (Thor-Delta) Yes
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Table 1-74.
Listing of Thor Stages (Continued)

Vehicle Manufactur- Date Mission Thor Stage
ing no./Model no. Successful*
321/DM-19 June 19, 1962 Tiros 5 (Thor-Delta) Yes
337/DSV-2D Jan. 15, 1962 Echo (Big Shot 1) Yes

(booster only)
338/DSV-20 July 18, 1962 Echo (Big Shot 2) Yes

(booster only)
341/DM-21 Sept. 29, 1962 Alouette 1 (Thor-Agena B) Yes
345/DSV-3A Oct. 2, 1962 Explorer 14 (Thor-Delta) Yes
346/DSV-3A Oct. 27, 1962 Explorer 15 (Thor-Delta) Yes
355/DSV-3B Dec. 13, 1962 Relay 1 (Thor-Delta) Yes
357/DSV-3B April 2, 1963 Explorer 17 (Thor-Delta) Yes
358/DSV-3B Feb 14, 1963 Syncom 1 (Thor-Delta) Yes
359/DSV-3B June 19, 1963 Tiros 7 (Thor-Delta) Yes
363/DSV-3B May 7, 1963 Telstar 2 (Thor-Delta) Yes
370/DSV-3B July 26, 1963 Syncom 2 (Thor-Delta) Yes
371/DSV-3B Dec. 21, 1963 Tiros 8 (Thor-Delta) Yes
373/DSV-3B Jan. 21, 1964 Relay 2 (Thor-Delta) Yes
374/DSV-3C Jan. 22, 1965 Tiros 9 (Thor-Delta) Yes
387/DSV-3C Nowv. 26, 1963 Explorer 18 (Thor-Delta) Yes
391/DSV-3B March 19, 1964 Beacon Explorer A (Thor-Delta) Yes
392/DSV-3C Oct. 4, 1964 Explorer 21 (Thor-Delta) Yes
393/DSV-3C Dec. 21, 1964 Explorer 26 (Thor-Delta) Yes
397/DSV-2A Jan. 25, 1964 Echo 2 (Thor-Agena B) Yes
399/DSV-2A Aug. 28, 1964 Nimbus 1 (Thor-Agena B) Yes
411/DSV-3C Feb. 3, 1965 OSO 2 (Thor-Delta) Yes
415/DSV-3C July 2, 1965 Tiros 10 (Thor-Delta) Yes
417/DSV-3D Aug. 19, 1964 Syncom 3 (Thor-Delta) Yes
426/DSV-3D April 6, 1965 Intelsat I (Early Bird) (Thor-Delta) Yes
431/DSV-3C March 8, 1967 OSO 3 (Thor-Delta) Yes
434/DSV-3C Aug. 25, 1965 OSO C (Thor-Delta) Yes
435/DSV-2C Oct. 14, 1965 OGO 2 (Thor-Agena D) Yes
436/DSV-3C May 25, 1966 Explorer 32 (Thor-Delta) Yes
441/DSV-3C May 29, 1965 Explorer 28 (Thor-Delta) Yes
442/DSV-3E Sept. 27, 1967 Intelsat 11-D (Thor-Delta) Yes
445/DSV-3C Feb. 3, 1966 ESSA 1 (Thor-Delta) Yes
453/DSV-2A Nov. 29, 1965 Explorer 31 and Alouette 2 (Thor- Yes

Agena B)
454/DSV-3E Jan, 11, 1968 Explorer 36 (Thor-Delta) Yes
456/DSV-2C May 15, 1966 Nimbus 2 (Thor-Agena D) Yes
457/DSV-3E Nov. 6, 1965 Explorer 29 (Thor-Delta) Yes
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Table 1-74.

Listing of Thor Stages (Continued)

Vehicle Manufactur- Date Mission Thor Stage
ing no./Model no. Successful*
460/DSV-3E Dec. 16, 1965 Pioneer 6 (Thor-Delta) Yes
461/DSV-3E Feb. 28, 1966 ESSA 2 (Thor-Delta) Yes
462/DSV-3E Aug. 17, 1966 Pioneer 7 (Thor-Delta) Yes
463/DSV-3E QOct. 2, 1966 ESSA 3 (Thor-Delta) Yes
464/DSV-3E Qct. 26, 1966 Intelsat 1I-A (Thor-Delta) Yes
467/DSV-3E July 1, 1966 Explorer 33 (Thor-Delta) Yes
468/DSV-3E Jan. 11, 1967 Intelsat 11-B (Thor-Delta) Yes
470/DSV-3E March 22, 1967 Intelsat 11-C (Thor-Delta) Yes
471/DSV-3G Dec. 14, 1966 Biosatellite 1 (Thor-Delta) Yes
472/DSV-3E Jan. 26, 1967 ESSA 4 (Thor-Delta) Yes
473/DSV-2C June 23, 1966 PAGEOS 1 (Thor-Agena D) Yes
474/DSV-3E July 28, 1967 OGO 4 (Thor-Delta) Yes
475/DSV-3G Sept. 7, 1967 Biosatellite 2 (Thor-Delta) Yes
476/DSV-3E July 4, 1968 Explorer 38 (Thor-Delta) Yes
479/DSV-3E Nov. 8, 1968 Pioneer 9 (Thor-Delta) Yes
480/DSV-3E Nov. 10, 1967 ESSA 6 (Thor-Delta) Yes
481/DSV-3E Dec. 5, 1968 HEOS 1 (Thor-Delta) Yes
484/DSV-3E April 20, 1967 ESSA 5 (Thor-Delta) Yes
486/DSV-3E May 24, 1967 Explorer 34 (Thor-Delta) Yes
488/DSV-3E July 19, 1967 Explorer 35 (Thor-Delta) Yes
489/DSV-3E Dec. 13, 1967 Pioneer 8 (Thor-Delta) Yes
490/DSV-3C Oct. 18, 1967 0OSO 4 (Thor-Delta) Yes
520/DSV-2L May 18, 1968 Nimbus B (Thor-Agena D) No (control
system
malfunction)
528/DSV-3L Aug. 16, 1968 ESSA 7 (Thor-Delta) Yes
529/DSV-3L Sept. 18, 1968 Intelsat 111 F-1 (Thor-Delta) No (control
system
malfunction)
534/DSV-3L Dec. 15, 1968 ESSA 8 (Thor-Delta) Yes
536/DSV-3L Yes

Dec. 18, 1968

*2 failures out of 79 attempts (97% successful).

Intelsat 111 F-2 (Thor-Delta)
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Table 1-75.
Chronology of Thor Development and Operations
Date Event
Dec. 27, 1955 Ballistic Missile Office, Air Materiel Command, awarded a contract to the

Douglas Aircraft Company for the development of Weapon System 315A, an
intermediate range ballistic missile.

Oct. 26, 1956 Douglas delivered the first WS-315A missile, which became known as Thor.

Jan. 25, 1957 Missile 101 launch was unsuccessful due to the rupture of the liquid oxygen
tank.

Sept. 20, 1957 Missile 105 launch was the first completely successful Thor launch.

Oct. 24, 1957 Missile 109 launch proved that the vehicle could fly its required 3200-

kilometer range.

1958 The Thor booster was used with the Able upper stage by the Air Force and by
NASA (NASA had responsibility for the October 11 and November 8 launch
attempts of Pioneer I and 2 lunar probes; in both cases the launch vehicles’
upper stages malfunctioned).

1959 The Thor booster was mated with the Agena upper stage by the Air Force.

May 13, 1960 The Thor booster was used with the Delta upper stage by NASA in the at-
tempted launch of an Echo satellite; the Delta stage malfunctioned.

Aug. 12, 1960 First successful Thor-Delta launch by NASA (Echo I) took place. Thor-Delta
proved to be a highly successful configuration (used 61 times by NASA in
1960-1968).

Sept. 29, 1962 The Thor-Agena B configuration was used by NASA for the first time in the

launch of OGO 2; this configuration was used four times by NASA in
1965-1968.
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Height (m):
Diameter (m):
Launch weight (kg):
Propulsion system
Stages:
Powerplant:

Thrust (newtons):
Propellant:

Payload capacity:

Origin:
Contractors:

How utilized:
Remarks:

See also:
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Table 1-76.
Thor-Able Characteristics
1st stage 2d stage 3d stage 4th stage Total
(Thor) (w/payload)
17 5.3 1.9 0.7 27
2.4
48 978 2100 390 154 51622
4
Rocketdyne AJ10-41 or Altair ABL ARC 1
MB-1 Basic AJ1042 X 248 KS 420
LR79-NA-9
676 096 34 000 13 650 1930 725 676
LOX/ solid solid
RP-1 WFNA/UDMH

122 kg to 850 km earth orbit

Able stages derived from the Vanguard launch vehicle; Thor was an Air Force IRBM.
Douglas Aircraft Co., (McDonnell Douglas), Thor prime

Rocketdyne Div., North American, Thor propulsion system

Space Technology Laboratories, Able prime

Aerojet-General, second stage propulsion

Alleghany Ballistics Laboratory, Hercules Powder Co., third-stage propulsion
Atlantic Research Corp., fourth-stage propulsion

To launch small probes and satellites.

NASA briefly used this configuration in four variations (Able 1, 11, 111, and IV). The
four Ables were basically the same vehicle, but there were some slight variations in
weight, thrust, and engine numbers. The figures shown above are an average for the
different variations. The Thor model used in this configuration was the DM1812-2, the
DMI1812-6, or the DM1812-6A.

Atlas-Able and Thor.
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Table 1-77.

Chronology of Thor-Able Development and Operations

Date

Event

1955

Dec. 6, 1957

Late 1957

March 17, 1958

April 23, 1958

July 9, 1958

Aug. 17, 1958

Oct. 11, 1958

Nov. 8, 1958

Aug. 7, 1959
March 11, 1960
April 1, 1960

Aerojet-General was awarded an Air Force contract to design and produce a
second-stage propulsion system based on the Aerobee-Hi sounding rocket for
the Vanguard launch vehicle.

Vanguard with live second stage (TV-3) exploded due to a first-stage
malifunction.

Air Force requested Aerojet-General to modify the stage for use in ICBM
nose cone reentry tests; the Able stage was the result of those modifications.
Air Force established a space probe program that would utilize the Able up-
per stage.

First successful launch of Vanguard; second stage performed as pro-
grammed.

Attempted launch of Thor-Able combination by the Air Force was unsuc-
cessful.

Successful launch of Thor-Able; first test of a full-scale ICBM nose cone at
ICBM ranges and velocities.

Thor-Able I, an Air Force attempt to launch a lunar probe, was unsuccessful;
the first-stage engine exploded 77 seconds after liftoff; there was also uneven
separation of the second and third stages.

NASA'’s attempt to launch the Pioneer I lunar probe was unsuccessful.

NASA’s attempt to launch the Pioneer 2 lunar probe was unsuccessful; the
third stage failed to ignite.

Thor-Able 111 successfully launched Explorer 6.
Thor-Able IV successtully launched Pioneer 5.
Thor-Able II successfully launched Tiros 1.
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Table 1-78.
Thor-Agena B Characteristics
Ist stage 2d stage Total
(Thor) (Agena B)
Height (m): 17 7.2 23
Digmeter (m): 2.4 1.5
Launch weight (kg): 48 978 7000 55978
Propulsion system
Stages: 2
Powerplant: Rocketdyne MB-3 Basic Bell XLR-81-Ba-11
LR79-NA-13
Thrust (newtons): 765 056 66 720 831 776
Propellant: LOX/RP-1 IRFNA/UDMH

Payload capacity: 1380 kg to 185 km earth orbit
34 kg to synchronous altitude transfer ellipse

Origin: Agena

developed by Lockheed under contract to the Air Force; Thor was an Air

Force IRBM.

Contractors: Douglas Aircraft Co., Inc. (McDonnell Douglas), Thor prime
Rocketdyne Div., North American, Thor propulsion system
Lockheed Missiles and Space Co., Agena prime
Bell Aerospace, Textron, second-stage propulsion

How utilized: To launch earth-orbital scientific satellites.

Remarks: Agena stage capable of engine restart.

See also: Atlas-Agena B and Thor

Table 1-79.
Chronology of Thor-Agena B Development and Operations
Date Event

Oct. 1956 Development began at Lockheed under contract with the Air Force for an ad-
vanced military satellite system and its associated upper stage vehicle; this up-
per stage became the Agena.

1957 The Air Force contracted with Lockheed for production of the Agena upper
stage.

Jan. 1959 NASA announced plans to use the Agena with Atlas and Thor.

April 24, 1959

Dec. 11, 1959

Oct. 26, 1960

Feb. 1961

Sept. 29, 1962

Jan. 25, 1964

Aug. 28, 1964
Nov. 29, 1965
1966

The Air Force issued a contract amendment to Lockheed for the development
of an advanced Agena, to be known as Agena B.

NASA cancelled its Vega upper-stage development program in favor of the
Agena B.

The Air Force failed in its attempt to launch a Thor-Agena A; failure was due
to stage-separation malfunction.

An agreement was signed between NASA and the Air Force regarding
NASA’s procurement of Agena B vehicles.

NASA successfully launched Alouette 1 with a Thor-Agena B (first NASA
launch from the Western Test Range).

Thor-Agena B launch of Echo 2 passive communications satellite was suc-
cessful.

Thor-Agena B launch of Nimbus 1 meteorological satellite was successful.
Thor-Agena B dual launch of Alouette 2 and Explorer 31 was successful.

Agena B was discontinued in favor of Agena D.




Height (m):
Diameter (m):
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Table 1-80.
Thrust-Augmented Thor-Agena B and D Characteristics
1st stage 2d stage or 2d stage
(Thor) (Agena B) (Agena D) Total
17 7.2 7.2 23
2.4 1.5 1.5

3.4 (w/strap-ons)

Launch weight (kg):48 777 7000 7250 69 000

Propulsion system

12 653 (strap-ons)

Stages: 2
Powerplant: Rocketdyne +3 Thiokol Bell XLR-81- Bell XLR-81Ba-11
MB-3 Basic TX-33-52 strap-ons BA-11
Thrust (newtons): 765 056 719 775 71 168 1 555 999
Propellant: LOX/RP-1 solid IRFNA/UDMH N,O,/UDMH
Payload capacity: 57 kg to 4284 km earth orbit
Origin: Agena developed by Lockheed under contract to the Air Force; Thor was an Air
Force IRBM.
Contractors: Douglas Aircraft Co., Inc. (McDonnell Douglas), Thor prime

How utilized:
Remarks:
See also:

Rocketdyne Div., North American, Thor propulsion system

Thiokol Chemical Corp., Thor strap-ons

Lockheed Missiles and Space Co., Agena prime

Bell Aerospace, Textron, second-stage propulsion

To launch earth-orbital scientific satellites.

Thor used was Douglas Model DSV-2C.

Thor, Thor-Agena B, Atlas-Agena B, Atlas-Agena D, and Long-Tank, Thrust-
Augmented Thor-Agena D

Table 1-81.
Chronology of Thrust-Augmented Thor-Agena B & D
Development and Operations

Date

Event

1962

Feb. 28, 1963

March 18, 1963

Oct. 14, 1965

May 15, 1966

June 23, 1966

July 28, 1967

Air Force ordered the Thrust-Augmented Thor from Lockheed; the vehicle
consisted of a standard Thor with three strap-on solid-propellant Castor I
motors.

First Air Force launch of a Thrust-Augmented Thor was unsuccessful; the
vehicle was destroyed when it veered off course.

The Air Force launched a payload into polar orbit with a Thrust-Augmented
Thor-Agena D.

NASA launch of OGO 2 was successful with Thrust-Augmented Thor-Agena
D.

NASA launch of Nimbus 2 was successful with Thrust-Augmented Thor-
Agena B.

NASA launch of PAGEOS I was successful with Thrust-Augmented Thor-
Agena D.

NASA launch of OGO 4 was successful with Thrust-Augmented Thor-Agena
D.
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Height (m):
Diameter (m):
Launch weight (kg):

Propulsion system
Stages:
Powerplant:
Thrust (newtons):
Propellant:

Payload capacity:

Origin:

Contractors:

How utilized:

Remarks:

See also:
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Table 1-82.
Long-Tank, Thrust-Augmented Thor-Agena D
(Thorad-Agena D) Characteristics

Ist stage 2d stage Total
(Thorad) (Agena D)

21.6 6.2 27.8
2.4 1.5

70 000 7250 90 000

12 653 (strap-ons)

2
Rocketdyne + 3 Thiokol TX-33-52
MB-3 Basic strap-ons Bell XLR-81-Ba-11
765 056 719 775 71 168 1555999

LOX/RP-1 solid N,O./UDMH

1360 kg to 185 km earth orbit

Agena developed by Lockheed under contract to the Air Force; Thor was an Air
Force IRBM.

Douglas Aircraft Co., Inc. (McDonnell Douglas), Thor prime

Rocketdyne Div., North American, Thor propulsion system

Thiokol Chemical Corp., Thor strap-ons

Lockheed Missiles and Space Co., Agena prime

Bell Aerospace, Textron, second-stage propulsion

Used once by NASA in an unsuccessful attempt to launch two earth-orbital scientfic
satellites.

The long-tank Thor became the standard model Thor; the thrust capability re-
mained the same as the short-tank Thor, but the burn time was increased by 65
seconds. The Thorad-Agena D combination was dropped in favor of Thorad-Delta
after only one attempted launch,

Thor, Thrust-Augmented Thor-Agena B & D, Atlas-Agena D, and Thor-Delta.
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Table 1-83.
Chronology of Long-Tank, Thrust-Augmented
Thor-Agena D (Thorad-Agena D) Development and Operations

Date Event

1966 The Thor booster was uprated by stretching the stage; the result was the
Long-Tank Thor, or Thorad. The liquid oxygen and RP-1 tanks were
lengthened, giving the booster 65 more seconds of burn time and the capabili-
ty to lift 20 percent more payload.

Jan. §, 1966 21 Thorad boosters were purchased from Douglas by the Air Force; all subse-
quent new-production Thors were the Thorad version.

May 18, 1968 NASA attempted to launch Nimbus B and Secor satellites on a simple
Thorad-Agena D vehicle; the vehicle was destroyed at launch when it
malfunctioned.

Table 1-84.
Thor-Delta Characteristics
Thor-Delta Ist stage 2d stage 3d stage Total w/
(Thor) (Delta) (Delta) adapters
Height (m): 17 5.2 1.5 27.4
Diameter (m): 2.4 1.3 0.5
Launch weight (kg): 48 978 3149 268 52 395
Propulsion system
Stages: 3
Powerplant: Rocketdyne MB-3  AJ10-142 Altair X-248-A7
Basic LR79-NA-9
Thrust (newtons): 676 096 33 360 13 344 722 800
Propellant: LOX/RP-1 WIFNA/UDMH  solid

Payload capacity: 272 kg to 185-km earth orbit

Thor-Delta A

Height (m): 15.9 5.2 1.5 27.4
Diameter (m): 24 0.8 0.5
Launch weight (kg): 48 978 2268 268 51 509
Propulsion system
Stages: 3
Powerplant: Rocketdyne MB-3  AJ10-118 Altair X-248-A5D
Basic LR-79-NA-11
Thrust (newtons): 742 816 33 360 13 344 789 520
Propellant: LOX/RP-1 WIFNA/UDMH  solid
Payload capacity: 272 kg to 185 km earth orbit
Height (m): 15.9 5.2 1.5 274
Diameter (m): 2.4 0.8 0.5
Launch weight (kg): 48 978 2721 239 51938
Propulsion system
Stages: 3
Powerplant: Rocketdyne MB-3  AJ10-118A Altair X-248-ASDM

Basic LR79-NA-11
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Table 1-84.

Thor-Delta Characteristics (Continued)

Thor-Delta B (Operational Delta)

Ist stage 2d stage 3d stage Total w/
{Thor) (Delta) (Delta) adapters
Thrust (newtons): 742 816 34 250 13 344 790 410
Propellant: LOX/RP-1 IRFNA/UDMH solid
Payload capacity: 272 kg to 185 km earth orbit
Thor-Delta C (Standard Delta)
Height (m): 15.9 5.2 0.9 27.4
Diameter (m): 2.4 0.8 0.5
Launch weight (kg):48 978 2721 259 51958
Propulsion system
Stages: 3
Powerplant: Rocketdyne MB-3  AJ10-118D Altair A-258
Basic LR79-NA-11
Thrust (newtons): 742 816 34 472 25 576 802 864
Propellant: LOX/RP-1 IRFNA/UDMH solid
Payload capacity: 272 kg to 185 km earth orbit
Thor-Delta C-1 (Standard Delta)
Height (m): 15.9 5.2 1.5 27.4
Diameter (m): 2.4 0.8 0.5
Launch weight (kg): 48 978 2721 259 51 958
Propulsion system
Stages: 3
Powerplant: Rocketdyne MB-3  AJ10-118D UTC FW-4
Basic LR79-NA-11
Thrust (newtons): 742 816 34 472 24 909 802 197
Propellant: LOX/RP-1 IRFNA/UDMH solid
Payload capacity: 272 kg to 185 km earth orbit
Thor-Delta D (Thrust-Augmented Delta, TAD)
Height (m): 15.9 5.8 1.6 28.0
Diameter (m): 2.4 0.8 0.5
Launch weight (kg): 48 978 2721 270 64 622
12 653 (strap-
ons)
Propulsion system
Stages: 3
Powerplant: Rocketdyne + 3 Thiokol AJ10-118D Altair X-258
MB-3 Basic TX-33-52 strap-
LR79-NA-13 ons
Thrust (newtons): 765 056 719 775 34 694 25576 1 545 101
Propellant: LOX/RP-1 solid IRFNA/ solid
UDMH

Payload capaciry: 590 kg to 185 km earth orbit
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Table 1-84.
Listing of Thor Stages (Continued)

Thor-Delta G (Thrust-Augmented Improved Delta)

Ist stage 2d stage 3d stage Total
(Thor) (Delta) (Delta) (w/adapter)
Height (m): 15.9 5.2 -— 27.4
Diameter (m): 2.4 1.4 —-—
Launch weight (kg): 48 978 6167 —— 67 798
12 653 (strap-
ons)
Propulsion system
Stages: 2
Powerplant: Rocketdyne + 3 Thiokol AJ10-118E -—

MB-3 Basic TX-33-52 strap-
LR79-NA-13 ons
Thrust (newtons): 765 056 719 775 34 694 1 519 525
Propellant: LOX/RP-1 solid IRFNA /UDMH
Payload capacity: 500 kg to 265 km earth orbit

Delta J (Thrust-Augmented Improved Delta)

Height (m): 15.9 5.2 1.4 27.4
Diameter (m): 2.4 1.4 0.9
Launch weight (kg): 48 978 6167 301 68 099-
12 653 68 779
(TX-33-52)
strap-ons)
13 333
(TX-354-3)
strap-ons)
Propulsion system
Stages: 3
Powerplant: Same as for AJ10-118E Thiokol
Delta E TE-364-3
Thrust (newtons): 765 056 719 775 34 694 44 480 1 564 005
Propellant: LOX/RP-1 solid IRFNA/ solid
UDMH

Payload capacity: 190 kg to 6900 km earth orbit

Delta M (Long-Tank, Thrust-Augmented Delta)

Height (m): 21.6 5.2 1.4 32.0
Diameter (m): 2.4 1.4 0.9
Launch weight (kg): 70 000 6167 301 89 801

13 333 (strap-ons)
Propulsion system

Stages: 3
Powerplant: Rocketdyne + 3 Thiokol AJ10-118E Thiokol
MB-3 Basic TX-354-5 strap- TE-364-3

LR79-NA-13 ons
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Thrust (newtons):
Propellant:

Payload capacity:

Table 1-84.
Listing of Thor Stages (Continued)
Ist stage 2d stage 3d stage Total
(Thorad) (Delta) (Delta) (w/adapters)
765 056 719 775 34 694 42 256 1 561 781
LOX/RP-1 solid IRFNA/ solid
UDMH

1180 kg to 185 km earth orbit
372 kg to synchronous altitude transfer ellipse

Thor-Delta N (Long-Tank, Thrust-Augmented Delta)

Height (m):
Diameter (m):
Launch weight (kg):

Propulsion system
Stages:
Powerplant:
Thrust (newtons):

Propellant:
Payload capacity:

Origin:
Contractors:

How utilized:

Remarks:

See also:

21.6 5.2 —-— 32.0
2.4 1.4 ——
70 000 6167 —— 89 500
13 333
(strap-ons)
2
Same as for AJ10-118E - —
Delta M
765 056 719 775 34 694 1519 525

LOX/RP-1 solid IRFNA/UDMH
1180 kg to 185 km earth orbit
372 kg to synchronous altitude transfer ellipse

NASA design produced by Douglas Aircraft to extend usefulness of Thor booster.
Douglas Aircraft Co., Inc. (McDonnell Douglas), Thor prime and Delta prime
Rocketdyne Div., North American, Thor propulsion system

Thiokol Chemical Corp., Thor strap-ons and third stage

Aerojet-General, Delta stage propulsion system

Alleghany Ballistics Laboratory, Hercules Powder Co., third stage

United ’Technoiogy Center, third stage

With the Thor booster in a variety of configurations to boost many different classes
of satellites to several kinds of orbits; included in the payloads launched by Delta
combinations were Echo, Tiros, Relay, Explorer, Intelsat, OSO, HEOS, and ESSA
satellites.

The Thor-Delta configurations were often referred to only as “Delta.” Thor-Delta
was often called the workhorse of NASA’s unmanned program.

Thor, Thrust-Augmented Thor-Agena B & D, and Long-Tank, Thrust-Augmented
Thor-Agena D.
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Table 1-85.

Listing of Delta Vehicles

81

Vehicle Serial #/ Date Mission Delta Stages

Delta Model # Successful*

1/DM-19 May 13, 1960 Echo No (2d-stage failure)

2/DM-19 Aug. 12, 1960 Echo 1 Yes

3/DM-19 Nov. 23, 1960 Tiros 2 Yes

4/DM-19 March 25, 1961 Explorer 10 Yes

5/DM-19 July 12, 1961 Tiros 3 Yes

6/DM-19 Aug. 15, 1961 Explorer 12 Yes

7/DM-19 Feb. 8, 1962 Tiros 4 Yes

8/DM-19 March 7, 1962 0SO 1 Yes

9/DM-19 April 26, 1962 Ariel 1 Yes

10/DM-19 June 19, 1962 Tiros 5 Partial (spacecraft did
not enter planned
orbit)

11/DM-19 July 10, 1962 Telstar 1 Yes

12/DM-19 Sept. 18, 1962 Tiros 6 Yes

13/A Oct. 2, 1962 Explorer 14 Yes

14/A Oct. 27, 1962 Explorer 15 Yes

15/B Dec. 13, 1962 Relay 1 Yes

16/B Feb. 14, 1963 Syncom 1 Yes

17/B April 2, 1963 Explorer 17 Yes

18/B May 7, 1963 Telstar 2 Yes

19/B June 19, 1963 Tiros 7 Yes

20/B July 26, 1963 Syncom 2 Yes

21/C Nov. 26, 1963 Explorer 18 Yes

22/B Dec. 21, 1963 Tiros 8 Yes

23/B Jan. 21, 1964 Relay 2 Yes

24/B March 19, 1964 Beacon Explorer A No (3d-stage
malfunction)

25/B Aug. 19, 1964 Syncom 3 Yes

26/C Oct. 4, 1964 Explorer 21 Yes

27/C Dec. 21, 1964 Explorer 26 Yes

28/C Jan. 22, 1965 Tiros 9 Yes

29/C Feb. 3, 1965 0S0 2 Yes

30/D April 6, 1965 Early Bird (Intelsat I) Yes

31/C May 29, 1965 Explorer 28 Yes

32/C July 2, 1965 Tiros 10 Yes

33/C Aug. 25, 1965 0so C No (3d-stage
failure)

34/E Nov. 6, 1965 Explorer 29 Yes
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Listing of Delta Vehicles (Continued)

Table 1-85.

Vehicle Serial #/  Date Mission Delta Stages

Delta Model # Successful*

35/E Dec. 16, 1965 Pioneer 6 Yes

36/C Feb. 3, 1966 ESSA 1 Yes

37/E Feb. 28, 1966 ESSA 2 Yes

38/C-1 May 25, 1966 Explorer 32 Yes

39/E-1 July 1, 1966 Explorer 33 Yes

40/E-1 Aug. 17, 1966 Pioneer 7 Yes

41/E Oct. 2, 1966 ESSA 3 Yes

42/E-1 Oct. 26, 1966 Intelsat [I-A No (apogee motor
malfunction)

43/G Dec. 14, 1966 Biosatellite 1 Yes

44/E-1 Jan. 11, 1967 Intelsat 11-B Yes

45/E Jan. 26, 1967 ESSA 4 Yes

46/C March 8, 1967 0S0 3 Yes

47/E-1 March 22, 1967 Intelsat 11-C Yes

48/E April 20, 1967 ESSA § Yes

49/E-1 May 24, 1967 Explorer 34 Yes

50/E-1 July 19, 1967 Explorer 35 Yes

51/G Sept. 7, 1967 Biosatellite 2 Yes

52/E-1 Sept. 27, 1967 Intelsat 1I-D Yes

53/C Oct. 18, 1967 0SO 4 Yes

54/E-1 Nov. 10, 1967 ESSA 6 Yes

55/E-1 Dec. 13, 1967 Pioneer 8 Yes

56/E-1 Jan, 11, 1968 Explorer 36 Yes

57/) July 4, 1968 Explorer 38 Yes

58/N Aug. 16, 1968 ESSA 7 Yes

59/M Sept. 18, 1968 Intelsat 111 F-1 No (3d-stage
malfunction)

60/E-1 Nov. 8, 1968 Pioneer 9 Yes

61/E-1 Dec. 5, 1968 HEOS 1 Yes

62/N Dec. 15, 1968 ESSA 8 Yes

63/M Dec. 18, 1968 Intelsat 111 F-2 Yes

*S failures out of 63 attempts (92% successful).
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Table 1-86.
Chronology of Thor-Delta Development and Operations
Date Event
Feb. 3, 1959 Douglas Aircraft responded to a NASA request for proposals to develop a

April 1, 1959

May 13, 1960

Aug. 13, 1960

Nov. 23, 1960
Dec. 18, 1968

Oct. 2, 1962

Dec. 13, 1962
Nov. 26, 1963
April 6, 1965

Dec. 11, 1959

Nov. 6, 1965

May 25, 1966
July 1, 1966
July 4, 1968
Aug. 16, 1968
Sept. 18, 1968

modified launch vehicle based on the Thor booster. NASA wanted to extend
the usefulness of the Thors the agency had purchased from the Air Force by
creating a vehicle based on the Thor-Able. The second stage was a modified
Vanguard second stage with an improved guidance and attitude control
system. It was redesignated Delta. A Vanguard X-248 third stage would serve
as Thor-Delta’s third stage.

Douglas was awarded a contract by NASA to produce the Delta, which was
defined as an “interim” launch vehicle. It was intended to be used only as a
temporary vehicle, with Scout and Vega serving as the primary launch
vehicles of the future.

First launch of Thor-Delta with an Echo passive communications satellite
was unsuccessful due to a second-stage failure.

First successful launch of Thor-Delta with Echo 1.

Thor-Delta configurations were used successfully to launch many different
payloads to a variety of orbits.

Thor-Delta A model was used for the first time successfully.
Thor-Delta B model was used for the first time successfully.
Thor-Delta C model was used for the first time successfully.

Thor-Delta D model with thrust augmentation was used for the first time suc-
cessfully.

NASA’s Vega second-stage project was cancelled in favor of the Agena B,
and the agency continued to use Thor-Delta as a standard launch vehicle.

Thor-Delta E model with improved Delta stage was used for the first time
successfully.

Thor-Delta C-1 model was used for the first time successfully.
Thor-Delta E-1 model was used for the first time successfully.
Thor-Delta J model was used for the first time successfully.
Thor-Delta N model was used for the first time successfully.

Thor-Delta M model with Thorad was used for the first time; the attempt to
launch a dual payload was unsuccessful because Delta’s third stage malfunc-
tioned.

Titan II (Gemini Launch Vehicle)

The Titan Il is another example of a missile borrowed by NASA for a non-
military purpose. Built for the Air Force by the Martin Company, the Titan II inter-
continental ballistic missile was adapted for use in Gemini, the second phase of
NASA’s manned spaceflight program, in 1963,

Titan, with its two stages, was more powerful than Atlas and safer because it
used a storable hypergolic liquid propellant. Titan did not require the complex abort
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system necessary for the potentially explosive Redstone, Atlas, and Saturn boosters.
The vehicle was not without its difficulties, however. Problems with second-stage
combustion stability and a tendency for the entire vehicle to oscillate during launch
forced a delay in scheduling the first two-man Gemini mission to earth orbit.

The Gemini Launch Vehicle (GLV) was qualified in a test launch in April 1964.
Less than a year later, it boosted the first of 10 crews to orbit. NASA put Titan II on
the launch pad 12 times in 1964-1966; all the launches were successful. For more in-
formation see also chapter 2 under Gemini.'4

Table 1-87.
Titan II (Gemini Launch Vehicle, GLV) Characteristics
1st stage 2d stage Total
Height (m): 21.6 8.2 27.4

(5.8 forward of stage
separation plane)

Diameter (m): 3 3
Launch weight (kg): 122 445 27 210 150 000
Propulsion system
Stages: 2
Powerplant: 2 Aerojet-General Acerojet-General
YLR-87-AJ-7 YLR-91-AJ-7
Thrust (newtons): 1 912 640 444 800 2 357 440
Propellant: UDMH/N,O, UDMH/N;O,
Payload capacity: 3200 kg in 185 km earth orbit
Origin: Air Force ICBM
Contractors: Martin Co., Martin Marietta Corp., prime
Aerojet-General Corp., propulsion
How utilized: To launch Gemini spacecraft to qualify rendezvous and docking techniques, and to
observe astronauts’ reactions to long-duration earth-orbital missions.
Remarks: Man-rating the Titan ICBM required minimal changes to the basic Titan I1. Changes

were made in the interest of pilot safety (e.g., system redundancies); some modifica-
tions were also necessary to ready the basic ICBM to accept the Gemini payload.
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Table 1-88.

Chronology of Titan II (Gemini Launch Vehicle, GLV)

Development and Operations

Date Event

May 2, 1955 The Air Force approved the development of an ICBM airframe, which
became the Titan missile.

Feb. 6, 1959 First Titan ICBM test launch.

June 1960 The Air Force awarded a contract to the Martin Co. (later Martin Marietta)
for the development of a Titan 11; the primary difference between the two
missiles was Titan IPs ability to use a storable hypergolic liquid propellant
that would not require liquid oxygen.

Spring 1961 NASA engineers considered Titan 11 for launching an improved Mercury
(Gemini) manned spacecraft.

Fall 1961 Air Force Titan I was officially selected by NASA as the Project Gemini
launch vehicle.

Dec. 28, 1961 First successful captive firing of Titan II.

March 1962 First operational launch of Titan I ICBM by the Air Force, preceded by 51

March 16, 1962
Spring 1963

Fall-Winter 1963

Oct. 26, 1963
April 8, 1964
Jan. 19, 1965
March 23, 1965
June 3, 1965
Aug. 21, 1965
Dec. 4, 1965

Dec. 15, 1968
March 16, 1966
June 3, 1966
July 18, 1966
Sept. 12, 1966
Nov. 11, 1966

R&D and test launches.
First R&D launch of Air Force Titan II.

Together NASA and the Air Force solved second-stage combustion instabili-
ty and vehicle vibration-oscillation (called the Pogo effect) problems with
Titan II; these problems had to be corrected before the missile could be man-
rated. Gemini’s schedule was delayed because of launch vehicle difficulties.

NASA considered substituting the Saturn I for Titan II as the Gemini launch
vehicle. However, problems with Titan were solved during the various test
flights (Nov. 1963 to April 1964).

GT-1 was airlifted to Cape Kennedy.

Launch of Gemini I to qualify the launch vehicle was successful.
Launch of Gemini 2 to qualify the spacecraft was successful.
Launch of Gemini 3 with crew of two was successful.

Launch of Gemini 4 with crew was successful.

Launch of Gemini 5 with crew was successful.

Launch of Gemini 7 with crew to act as a rendezvous target for Gemini 64
was successful.

Launch of Gemini 64 with crew was successful.
Launch of Gemini 8 with crew was successful.

Launch of Gemini 94 with crew was successful.
Launch of Gemini 10 with crew was successful.
Launch of Gemini 11 with crew was successful.

Launch of Gemini 12 with crew was successful.
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Vanguard, the launch vehicle and the satellite, was the product of the Naval
Research Laboratory (NRL). The Navy team, which had experience with sounding
rocket research, began in 1955 to design a small vehicle capable of orbiting a satellite
for the American committee of the International Geophysical Year (IGY). NRL
received official approval for the project from the Department of Defense (DoD) in
August 1955. In less than a month, they had awarded the prime contract for the
three-stage launcher to the Martin Company.

Height (m):

Diameter (m):

Launch weight (kg):

Propulsion system
Stages:
Powerplant:

Thrust (newtons):

Propellant:
Payload capacity:

Origin:
Contractors:

How utilized:

Remarks:

Table 1-89.
Vanguard Characteristics
Ist stage 2d stage 3d stage or 3d stage Total
13.4 5.8 1.5 1.5 21.9 (w/cone
and aerodynamic
spike)
1.1 0.8 0.8 0.8
8181 1977 194 227 10 385
3
GE X-405  Aerojet-General Grand Central ABL X-248
AJ-10 Rocket Co.
133-KS-2800
124 544 33 360 10 230 10 675 168 134-168 579
LOX/RP-1 WIFNA/ solid solid
UDMH

11.3 kg to 555 km earth orbit

24 kg to 555 km earth orbit with ABL third stage

Naval Research Laboratory design.

Martin Co., prime

General Electric Co., first-stage propulsion

Aerojet-General, second-stage propulsion

Grand Central Rocket Co., third-stage propulsion

Alleghany Ballistics Laboratory, Hercules Powder Co., third-stage propulsion

To launch small geodetic satellites as part of the United States’ earliest satellite pro-
gram (part of the International Geophysical Year).

Many later launch vehicles would be built on the technology developed during the
Vanguard program.

The first stage was derived from the Viking sounding rocket, the second from the
Aerobee sounding rocket.

Vanguard was the designation for both the launch vehicle and the satellite.
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Because NRL suffered delays in the development of the Vanguard launch ve-
hicle, DoD gave the Army Ballistic Missile Agency, which had also submitted an
IGY satellite proposal, approval to participate. Explorer I, launched by a Juno I,
became the first American satellite to orbit earth on January 31, 1958. Vanguard 1
followed less than two months later. When NASA was established in October 1958,
Vanguard and the group at NRL responsible for the project were transferred to the
new civilian agency. NASA tried four times in 1959 to orbit scientific payloads with

Vanguard; only one was successful. For more information see also chapter 3 under

Vanguard.!s
Table 1-90.
Chronology of Vanguard Development and Operations
Date Event
1955 Early in the year, Naval Research Laboratory (NRL) scientists and engineers

July 6, 1955

Aug. 24, 1955

Sept. 9, 1955
Sept. 23, 1955

Nov. 1955

March 1956

Dec. 6, 1957
March 17, 1958
Oct. 1, 1958
Feb. 17, 1959

Feb. 13, 1959

June 22, 1959

Sept. 18, 1959

started working on the design of a three-stage vehicle capable of launching a
small satellite, in reply to interest expressed by the international scientific
community and the military in orbiting artificial satellites.

The Committee on Special Capabilities (the Steward Committee within DoD)
heard NRL’s proposal for a scientific satellite program.

The Steward Committee approved NRL’s proposal for launching an Interna-
tional Geophysical Year satellite with a three-stage vehicle (Viking first stage,
Aerobee second stage, new third stage).

NRL was authorized to proceed with its proposal for Project Vanguard.

The Martin Co. was awarded the prime contract for development and pro-
duction of Vanguard; Martin subcontracted with General Electric for the
first-stage engine.

Aerojet-General was awarded a contract for the second stage.

Grand Central Rocket Co. and Alleghany Ballistics Laboratory were award-
ed contracts for third stages.

TV-3 launch was the first complete Vanguard launch with three live stages.
TV-4 launched Vanguard I scientific satellite successfully.
Project Vanguard was transferred to NASA.

SLV-4 launch Vanguard 2 into orbit, but the third stage reignited and
bumped the payload, impairing the scientific value of the satellite.

SLV-5 Vanguard launch with a magnometer satellite was unsuccessful
because of second-stage malfunction.

SLV-6 Vanguard launch with a scientific satellite was unsuccessful because
tank pressure dropped after second-stage ignition.

TV-4BU, with ABL third stage, successfully launched Vanguard 3 scientific
satellite into orbit.
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Wartime research in the fields of aeronautics and rocketry guaranteed that the
1950s would be a promising decade for American engineers and pilots who sought
aircraft that would fly faster and higher, and for military specialists and scientists
who recognized the rocket’s potential. Private industry, the military, and one of the
country’s chief civilian research organizations, the National Advisory Committee
for Aeronautics (NACA), sought to apply the new technology spawned by the crises
of a world war to more nationalistic goals. Improved radar and radio interferometry
equipment on missile ranges allowed the military to evaluate captured German
rockets and their own sounding rockets and fledgling missiles more effectively.
Specially-instrumented aircraft proved out new design concepts and operational
procedures over California deserts. On the Atlantic coast, engineers used small
rockets to conduct materials testing at high speeds. Frontier beyond the atmosphere
was the goal of these and other exercises. By mid-decade, the Navy, Army, and Air
Force were all exploring different paths by which to reach that frontier.

Rivalry among the services to become the leader of an American “space pro-
gram” almost swept aside NACA. This advisory-research body was traditionally
committed to methodical investigations that would assist the user agency (usually
the military) in its mission; space spectaculars and quantum overnight leaps in the
state of the art were not its way of doing business. But it was an age of rapid ac-
celeration, and there were pockets of enthusiasm for the new pace even within the
conservative NACA.

Sending biological payloads, animal and later human, into space was seemingly
a logical extension of two ongoing activities: the scientific satellite-sounding rocket
program being conducted by the Naval Research Laboratory, the Army, and others,
and the Air Force-NACA hypervelocity research aircraft program.* If intercon-

*During the postwar years, the Army experimented with animals (monkeys and mice) as part of the
V-2 program at White Sands Missile Range, while the Air Force conducted similar investigations with
Aerobee sounding rockets at Holloman Air Force Base. From 1953 through 1957, however, medical ex-
perimentation with animals was discontinued as the military ballistic missile project monopolized flight
opportunities and funds. Investigators had to be content with aircraft-borne experiments. In the USSR
during the 1950s, researchers sent numerous biological payloads on rocket flights, with dogs being fre-
quent test subjects. For more information, see Loyd S. Swenson, Jr., James M. Grimwood, and Charles
C. Alexander, This New Ocean; A History of Project Mercury, NASA SP-4201 (Washington, 1966), pp.
37-38; Edward C. Ezell and Linda N. Ezell, The Partnership; A History of the Apollo-Soyuz Test
Project, NASA SP-4209 (Washington, 1978); and Joel Powell, “Animal Precursors to Manned Space
Flight,” Spaceflight 22 (Sept.-Oct. 1980), pp. 315-18.
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tinental ballistic missiles could be augmented to boost instruments into orbit,why
could they not carry men? If pilots could fly to the fringes of the atmosphere, why
could they not go beyond? Except to the enthusiastic believers, the “whys” were ob-
vious. Boosters under development in the mid-1950s by the Air Force and the Army
were still experimental and could not be expected to carry large spaceships.
Although the mysteries of the sound barrier had been solved with the XS-1 research
aircraft, hypervelocity flight above Mach 4 was still challenging the Air Force-
NACA team; escape velocities were far out of reach. Medical evidence that man
could survive the rigors of spaceflight was sketchy and based on experiments with
rocket-powered impact sleds, centrifuges, sounding rockets, and parabolic aircraft
flights. Experts could not even agree on the optimum design for a manned
spacecraft that would provide the pilot protection from the environment of space as
well as withstand the intense heating that was expected during atmospheric reentry.
There were enough challenges to keep all interested parties, military and civilian,
busy for many years.

Military Proposals for Man-in-Space

A view popular with the Air Force was that the skies belonged to it, and this
branch of the military was not going to allow the absence of an atmosphere to
restrict its domain. With the Atlas intercontinental ballistic missile, under develop-
ment at Convair since 1946, the Air Force sought to defer “Soviet aggression.” In in-
creasingly sophisticated aircraft, Air Force test pilots in the mid-1950s were flying
three times the speed of sound and approaching altitudes of 20 000 meters. Space
medicine proved to be a natural extension of aviation medicine, and the Air Force
established several special facilities for human factors research as it related to space
travel. NACA supported these Air Force programs with research in the fields of
aerodynamics, propulsion, structures, and materials. Protection of a warhead dur-
ing reentry was one critical problem that NACA specialists at the Ames and Langley
aeronautical laboratories tackled. Since 1954, the Air Force and NACA, along with
the Navy, had also been formally involved in a joint hypersonic research aircraft
project that the Air Force labeled X-15.* Flying at speeds in excess of Mach 1 had
been “round one.” The X-15 with a design speed of Mach 6 at 76 000 meters was
“round two.” The third round would hopefully take the Air Force into space.

The Soviet Union’s unexpected success in orbiting two satellites in 1957, the sec-
ond one with a biological payload, interfered with the Air Force’s incremental plans.
The U.S. desperately needed to get into space soon, and with a manned mission,
warned military leaders. The Air Force could not hope to launch its weighty X-20
Dyna-Soar (round three, based on a delta-wing flat-bottom glider design favored at
NACA'’s Langley Memorial Aeronautical Laboratory) in the near future, but there
was a more feasible alternative: send a man into orbit in a ballistic-shaped capsule

*See chapter 1, pp. 44-51, for more information on the Atlas missile and chapter 4, pp. 202-24, for
more on the joint hypervelocity research aircraft program.
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atop an ICBM.* NACA engineers at Langley had been studying this possibility, and
they agreed that a conical spacecraft with a blunt reentry surface could be launched
by missiles currently available. Abandoning for the present a scheme for a mission
launched by a two-stage vehicle under development, the Air Force proposed to
NACA in January 1958 that the Committee join them in supporting a two-phase
manned program. First they would get “Man-in-Space-Soonest” using the ballistic
missile (Atlas) approach; then they would proceed with their boost-glide vehicle.!
Before NACA and the Air Force could formalize any agreement, events in
Washington of a more political nature overtook them. President Dwight D.
Eisenhower, personally committed to keeping space a peaceful frontier, submitted a
bill to Congress in April in which he recommended establishing a new civilian agency
based on the National Advisory Committee for Aeronautics that would manage this
country’s space program. NACA waited for Congress to act before committing itself
to the Air Force’s proposal.

The Army Ballistic Missile Agency (ABMA) at Redstone Arsenal, Huntsville,
Alabama, was also anxious to expand its ongoing intermediate range ballistic missile
projects into a program involving spaceflight. Under the leadership of Wernher von
Braun and other German rocket specialists brought to the U.S. after World War 11,
ABMA had successfully developed several tactical missiles for the Army. The
Redstone missile was sent on its first test flight in 1953. Building on this reliable
booster, von Braun’s team added two upper stages with which to conduct their own
nose cone reentry tests (Jupiter C). Adding to the stack again, ABMA offered the
Juno I to the American International Geophysical Year (IGY) committee in 1955 as
the best vehicle for launching this country’s first artificial satellite. In competition
with a project sponsored by the Naval Research Laboratory, the Army orbited the
first American satellite (Explorer) in January 1958. With success on their. side, von
Braun angled for a manned spaceflight assignment, using proposals for a huge
clustered-engine rocket as bait. According to specialists in Alabama, not only was
orbital manned flight possible, it was a first step to manned lunar bases and space
stations. The Advanced Research Projects Agency (ARPA), established in February
1958 to oversee the various space projects and proposals, approved ABMA'’s scheme
for the powerful rocket in August.t The Army, however, was not destined to
manage its own manned space program. In Washington, planners of the new civilian
space agency were assessing the possible value of von Braun’s rocket. 2

The Naval Research Laboratory (NRL) near Washington had been the home of
sounding rocket research in the U.S. since 1945. Refinements of these small rockets
during the postwar years inspired a group of engineers and scientists to respond to
the IGY call for a satellite. Although the Army, not NRL, launched the first orbiting
payload, Project Vanguard did add to the country’s growing pool of knowledge

*Chap. 4, pp. 112-13, discusses Project Dyna-Soar. This glider design, which had been promoted by
experts at Langley, was a lifting body-type vehicle. It was designated X-20 in 1962.

1t During 1958, the Army was also suggesting that the Redstone missile could be used to launch a man
along a steep suborbital trajectory, after which he would splash down in the Atlantic. When Air Force of-
ficials declined to get involved in Project Man Very High, the Army renamed their plan Project Adam.
The proposal was not considered a practical one by the Department of Defense or ARPA and was not
funded.
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about space. Within the Navy, there were other groups, the missile contingent
among them, who were interested in even more ambitious programs. With the Air
Force and NACA, the Navy contributed to the X-15 project, and the service sup-
ported aerospace medicine research.? In 1958, the Navy added to the growing
number of proposals for manned spaceflight. Their study of a “Manned Earth
Reconnaissance” mission included plans for a cylindrical spacecraft with spherical
ends, which could be transformed into a delta-wing inflated glider once in orbit.
Project MER was not funded beyond a feasibility study.

NACA'’s Response to the Space Age

The National Advisory Committee for Aeronautics met the space age introspec-
tively. It had changed since its birth in 1915 from a strictly advisory group to a
research organization and policy maker, but it was little known outside the military
and the aircraft industry. The NACA laboratories’ engineers conducted studies, car-
ried out research, and delivered their reports, but it was not their job to apply the
results. The Committee’s leaders of the 1940s had been reluctant to commit the
organization to a role in rocket propulsion research or the risky new field of
astronautics, and it was not until 1952 that a move was made to seriously study flight
in the upper atmosphere and space. One small group at the Langley laboratory, the
Pilotless Aircraft Research Division (PARD), was already using rockets as a
research tool on nearby Wallops Island, Virginia. Since 1945, PARD (originally the
Auxiliary Flight Division) had been measuring the effects of hypervelocity flight and
the resultant heating on models launched by small rockets.* In California at the
Ames Research Laboratory, aerodynamicists working with H. Julian Allen con-
ducted wind tunnel experiments with missile nose cone models for the Air Force.
They discovered that a blunt-bodied configuration rather than the sharp-nosed one
being considered at Convair for Atlas would survive atmospheric reentry. These
nose cone studies led Allen and his colleagues Alfred J. Eggers, Jr., and Stanford E.
Neise to speculate on designs suitable for manned spacecraft of the future. In an im-
portant paper, the three men discussed ballistic, skip, and glide vehicles.*

As the Air Force Air Research and Defense Command’s interest in manned
spaceflight grew, so did the amount of spaceflight-related research at NACA,
although it still remained low priority relative to aeronautics work. By 1957,
however, an estimated 40 to 50 percent of NACA’s assignments involved space
research. Supporters of all three of the proposed general designs for a manned
spacecraft existed at NACA, with the early favorite, especially at Langley, being a
delta-wing flat-bottom glider. Eggers borrowed from this configuration and the
ballistic shape to design what came to be called a lifting body — a semiballistic vehicle
with a certain amount of aerodynamic lift with a nearly flat top and a round bottom
(the M-1). This design was further refined, and models were built and flight-tested at
the Flight Research Center near Edwards Air Force Base, California.* PARD
engineers led by Maxime A. Faget and Paul E. Purser stuck by their original studies,

*See chapter 4, pp. 110-24, for more on NASA’s lifting body program.
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which favored the ballistic shape. While the Langley researchers worked in their
spare time on refining their suggestions for a manned spaceflight, the Soviets orbited
the first two artificial satellites. NACA Headquarters in Washington reacted to
Sputnik with a new committee: the Special Committee on Space Technology; its
members were charged with finding ways in which NACA could participate more
aggressively in upper atmosphere and space research.

NACA was not the only body to form investigating committees in response to
the Soviet Union’s mechanical moons. A U.S. Senate committee chaired by Lyndon
B. Johnson met to review America’s prospects for a national space program. The
Secretary of Defense established ARPA. And President Eisenhower instructed his
new President’s Scientific Advisory Committee (PSAC) to study the legality and
feasibility of a federally funded space program. In mid-April, the president sent his
proposed space bill to Congress, which reflected the advice of his scientific commit-
tee and a White House Advisory Committee on Government Organization. It did
not take the lawmakers long to revise and approve the National Aeronautics and
Space Act of 1958. Passed on July 16, the act was signed into law on the 29th, but it
took another month for the White House to assign the important manned
spaceflight task to the new civilian National Aeronautics and Space Administration
(NASA). Robert R. Gilruth, the first chief of PARD and Langley’s assistant director
when the space act was passed, was named to chair a NASA-ARPA Manned
Satellite Panel in September. These experts, who met for the first time in late
September 1958, would provide specific recommendations and a basic procedural
plan for NASA’s manned program.
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Table 2-1.

Events that Influenced NASA’s Manned Spaceflight Program prior to the Agency’s

Establishment

Date

Event

May 7, 1945

1946

Nov. 1948

Jan, 1951

Sept. 1951

Summer 1952

Summer 1953

1954-1955

Dec. 23, 1954

1955-1956

The Langley Memorial Aeronautical Laboratory of the National Advisory
Committee on Aeronautics (NACA) created an Auxiliary Flight Division,
with an operational Research Station located at Wallops Island, Virginia. In
1946, this group, which carried out materials testing and other investigations
by means of small rocket launchings, was renamed the Pilotless Aircraft
Research Division (PARD). Robert R. Gilruth was chief of this division until
1952.

The Air Force awarded a contract to Convair to develop a long-range missile,
the MX774. Although the Air Force’s missile program was cancelled the next
year, Convair continued its research in-house.

At Randolph Air Force Base, a panel under the direction of Harry G. Arm-
strong discussed “Aeromedical Problems of Space Travel.” Three months
later Armstrong established a Department of Space Medicine at Randolph
under the direction of Hubertus Strughold.

With the reestablishment of the Air Force missile program, the Convair con-
tract was reinstated; the proposed missile was named Atlas.

The first successful recovery of rocket-launched animals by an American
team took place at Holloman AFB; a monkey and 11 mice survived a sound-
ing rocket flight (The first attempt at this experiment had been made in June
1948.)

In response to proposals to study hypersonic-class research aircraft, NACA’s
Committee on Aerodynamics moved to expand its research program to in-
clude altitudes of 19 to 80 kilometers at speeds of Mach 4 to 10 and to devote
a modest effort to studying escape-velocity flights. Specialists at NACA’s
Ames Aeronautical Laboratory under the leadership of H. Julian Allen con-
ducted wind tunnel experiments with several configurations that were con-
sidered feasible for missile nose cones and spacecraft. Allen’s team concluded
that a blunt-bodied vehicle would survive atmospheric reentry better than a
sharp-nosed one.

In August, the Army fired its first research and development model of the
Redstone missile and began to study nose cone reentry thermodynamics at
Redstone Arsenal. At Holloman AFB, the Space Biology Branch of the
Aeromedical Field Laboratory began a program that would last more than
five years to study weightlessness during parabolic flights. (Other groups in-
terested in weightlessness studies at this time included the Department of
Space Medicine, Randolph AFB; the Wright Air Development Center,
Wright-Patterson AFB; the Navy School of Aviation Medicine; and NACA’s
Lewis Flight Propulsion Laboratory.)

At Ames, studies were conducted on the impact of reentry heating on
hypervelocity missiles. In a paper, Allen, Alfred J. Eggers, Jr., and Stanford
E. Neise discussed the three basic designs they considered appropriate for
future space vehicles: ballistic, skip, and glide (“A Comparative Analysis of
the Performance of Long-Range Hypervelocity Vehicles,” 1954.)

Representatives from NACA, the Air Force, and the Navy signed a
memorandum of understanding establishing a joint hypersonic research air-
craft program. A design for the aircraft proposed at Langley had been ac-
cepted earlier in the year. The project was designated X-15 by the Air Force.

At the request of the Air Force, Army, and Navy, NACA tested materials
suitable for use as heat sinks and ablatives. The PARD group studied the heat
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Table 2-1.

Events that Influenced NASA’s Manned Spaceflight Program prior to the Agency’s

Establishment (Continued)

Date

Event

Early 1956

1956-1957

April 1957

June 11, 1957
Oct. 4, 1957

Oct. 9, 1957

Oct. 15-21, 1957

Winter 1957-1958

Nov. 3, 1957

transfer characteristics on variations of a basic blunt heat shield as suggested
by Allen of Ames.

The Air Force began letting contracts for feasibility studies of manned
satellites; specifically, the Air Force was looking for a project that would take
them beyond the X-15. In March, the Air Research and Development Com-
mand (ARDC) established two research projects, one to investigate a manned
glide rocket research system and another to study a manned ballistic rocket
(the final stage of an ICBM). The Command also promoted extensive human
factors research at the School of Aviation Medicine, the Aeromedical Field
Laboratory, and the Aeromedical Laboratory.

In cooperation with the ARDC, NACA engineers at Langley, Lewis, and
Ames conducted manned spacecraft feasibility and design studies. The design
most favored was a flat-top round-bottom configuration. At Ames, Eggers
compared ballistic, skip, and glide vehicles in his search for a suitable design.
Because of its great weight, he revised his original optimum glider design to
include features from the ballistic and glider concepts, the result being a
semiballistic vehicle, blunt, but with a certain amount of aerodynamic lift
and a nearly flat top and round bottom (the M-1 lifting body design). Mean-
while, at Redstone Arsenal, the Army extended its studies of nose cone reen-
try by modifying and adding to the Redstone missile. The resulting multistage
vehicle was called Jupiter C by designer Wernher von Braun and his col-
leagues in Alabama. In conjunction with its nose cone manufacturers, the Air
Force was also investigating reentry heating. The ARDC’s Division of
Human Factors had concluded that from a medical standpoint, sufficient
knowledge and expertise existed to support a manned space mission.

The Army Ballistic Missile Agency (ABMA) began studies of a large
clustered-engine booster capable of generating 6 672 000 newtons of thrust.

Atlas missile flight testing was begun.,

The USSR successfully orbited Sputnik 1, the first manmade satellite.

An ad hoc committee of the Air Force Scientific Advisory Board urged the
development of a second generation of ICBM’s that could be used as boosters
for spacecraft, proposed a manned lunar mission, and recommended that the
Air Force launch reconnaissance, weather, and communications satellites as
soon as possible.

At a NACA conference at Ames, the three leading candidate configurations
for manned spacecraft were discussed: (1) a delta-wing flat-bottom glider
(favored by many at Langley); (2) a ballistic capsule (considered by PARD to
be the quickest solution to finding a workable design); and (3) Eggers’ M-1,
which would weigh from 1800 to 3400 kilograms (still too heavy for existing
boosters).

The American Rocket Society called for a civilian space agency, and the Na-
tional Academy of Sciences endorsed a plan for a National Space Establish-
ment. At Langley, Maxime A. Faget, Paul E. Purser, and other members of
PARD worked on refining a ballistic manned spacecraft design. Additional-
ly, they started exploring the possibility of using a solid-fuel rocket for the
research and development phase of a manned program.

The USSR successfully orbited Sputnik 2 with a dog onboard. The ARDC
was charged with preparing a comprehensive astronautics program for the
Air Force. At a December 18-20 meeting of NACA’s Committee on
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Table 2-1.

Events that Influenced NASA’s Manned Spaceflight Program prior to the Agency’s

Establishment (Continued)

Date

Event

Jan. 23, 1958

Jan. 24, 1958

Jan. 29-31, 1958

Jan. 31, 1958

Feb. 1958

March 1958

Winter-Spring 1958

April 1958

Aerodynamics, the members called for increased, aggressive NACA par-
ticipation in upper atmosphere and spaceflight research. On the 22nd, a
NACA Special Committee on Space Technology was formed with H.
Guyford Stever as chairman.

Senator Lyndon B. Johnson summarized the findings of the Senate
Preparedness Investigating Committee formed to review the U.S. space pro-
gram. Their 17 recommendations included establishing an independent space
agency.

The ARDC’s plan for astronautics called for reconnaissance, communica-
tions, and weather satellites, recoverable data capsules, manned capsules,
manned stations, and eventually a manned lunar base.

At a closed conference, 11 aircraft and missile companies outlined for the Air
Force and NACA their various proposals for manned satellite vehicles.

The Air Force formally invited NACA to participate in its man-in-space pro-
gram. The Committee was asked to support both a one-orbit manned flight
and a boost-glide research airplane (Project Dyna-Soar, a design based on
Langley’s delta-wing flat-bottom glider).

The Secretary of Defense created the Advanced Research Projects Agency
(ARPA) to manage all existing space projects. President Dwight D.
Eisenhower instructed the President’s Scientific Advisory Committee (PSAC)
to study the feasibility of government-financed astronautical ventures and a
national space science program. Late in the month, a PSAC subcommittee
suggested establishing a new civilian space agency to be built around NACA.
Also during February, the NACA Committee on Aerodynamics was renamed
the Committee on Aircraft, Missile, and Spacecraft Aerodynamics.

ARPA recognized the Air Force’s responsibility to accomplish manned
satellite flight as soon as the technology permitted, and the Department of
Defense authorized the Air Force to develop a liquid propellant upper stage
(Agena) to be used with Atlas or Thor. The ABMA also proposed a manned
spaceflight program, which included von Braun’s ideas for a clustered-engine
booster. On March 10-12, ARDC held a conference in Los Angeles for Air
Force, NACA, and industry specialists who were working in the fields of
rocketry, aeronautics, or biotechnology. Most attendees agreed that a simple
ballistic capsule would offer the quickest means for getting man into orbit.
On the 14th, NACA officially informed the Air Force that it would cooperate
in drawing up a detailed manned satellite development plan. Also on the
14th, a NACA Conference on High-Speed Aerodynamics began at Ames, at
which Faget (PARD) presented a paper favoring the wingless nonlifting
ballistic configuration for manned spaceflight. (The paper was coauthored by
Faget, Benjamin J. Garland, and James J. Buglia).

At Langley, PARD and other research divisions devoted their time to work-
ing out the details of a manned mission that would utilize the ballistic-type
spacecraft and the Atlas missile. On another front, working to determine the
human body’s tolerance to increased gravity, it was discovered at Holloman
AFB on a rocket-driven impact sled that 83g represented the limit of human
tolerance for deceleration. Using centrifuges at the Navy’s Aviation Medical
Acceleration Laboratory and at the Air Force’s Aeromedical Laboratory,
specialists determined that 8g represented the acceleration safety limit.

When the Air Force refused to participate in the Army’s plans for an inter-
service “Man Very High” spaceflight project, the ABMA devised an Army-
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Table 2-1.

Events that Influenced NASA’s Manned Spaceflight Program prior to the Agency’s

Establishment (Continued)

Date

Event

April 14, 1958

May 2, 1958

Mid-May 1958

June 16, 1958

July 11, 1958
July 16, 1958

Aug. 1958

Sept. 1958

Oct. 1, 1958

Navy proposal called Project Adam. Using a modified Redstone, von Braun
and his colleagues wanted to launch a man in a sealed capsule along a steep
ballistic trajectory, after which the capsule would land in the ocean and be
recovered.

President Eisenhower sent his proposed space bill (based largely on PSAC’s
advice and the White House Advisory Committee on Government Organiza-
tion’s suggestions) to Congress; special committees began hearings on the
bill.

Air Force Headquarters was sent detailed designs and procedures for the
ARDC Ballistic Missile Division’s “Man-in-Space-Soonest” scheme.

NACA and the Air Force tabled their agreement to work together on a
ballistic manned spacecraft project.

ARPA approved a revised Air Force Man-in-Space-Soonest proposal that
called for using the Atlas rather than a proposed two-stage vehicle. However,
only funds for life support system studies were granted.

ARPA rejected the Army’s Project Adam.

Congress passed the National Aeronautics and Space Act of 1958, creating
the National Aeronautics and Space Administration; Eisenhower signed the
act into law on the 29th.

Eisenhower assigned the new space administration specific responsibility for
developing and carrying out the mission of manned spaceflight. The Air
Force Man-in-Space-Soonest project was cancelled, money earmarked for it
being transferred to NASA. But the Air Force was allowed to proceed with
development of Dyna-Soar in conjunction with NASA. On the 15th, ARPA
provided the Army Ordnance Missile Command with the authority to
develop the Juno V launch vehicle based on von Braun’s plans for a large
clustered-engine rocket.

A NASA-ARPA Manned Satellite Panel (Gilruth of Langley, chairman) was
formed to generate specific recommendations and a basic procedural plan for
NASA'’s manned satellite project. The panel began holding meetings during
the last week of the month.

NASA officially began operations.
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Manned Spaceflight, 1958-1968

From the Langley engineers’ studies of reentry configurations grew Project Mer-
cury, NASA’s first entry in the manned space program.* Project Mercury would
prove that one man could be safely launched into earth orbit in a ballistic-shaped
spacecraft, that he could survive increasing lengths of time in the weightlessness of
space, that his progress could be monitored by a global network of ground stations,
and that he could return safely to a predetermined splash-down point where crews
waited to recover him. Beyond earth orbit was the moon, orbiting space stations,
perhaps manned exploration of the planets. Mercury was only a simple first step.®

NASA officials were working steadily toward manned orbital flight in the
spring of 1961, anticipating the first suborbital piloted missions that were scheduled
to take place soon, when the USSR launched another “space first.” Yuri A. Gagarin
in Vostok I circled the earth on April 12. The U.S. was still 10 months away from its
first orbital manned mission. NASA had tested full-scale models of the Mercury
spacecraft during suborbital flights, had a team of astronauts in training, and had
successfully flight-tested the Redstone and Atlas boosters, but a Russian astronaut
had earned the title “first man in space.” An American president would once again
react to Soviet space feats with a countermove. The United States was the
technological leader of the world, President John F. Kennedy asserted just weeks
after the Gagarin flight, and NASA would prove it by landing a man on the moon
and returning him safely by the end of the decade —an ambitious goal for the young
agency.” Project Apollo, NASA’s proposed lunar enterprise, was thus given the ad-
ministration’s highest priority. Apollo would require great sums of money and most
of the agency’s attention during its first decade. Before John Glenn could make the
first U.S. orbital flight aboard his Mercury Friendship 7 spacecraft in February
1962, NASA had already reorganized its headquarters management to reflect the in-
creased commitment it had given Apollo.

However, NASA did not leap from Mercury to Apollo. Project Gemini, the in-
termediate step, called for a spacecraft larger than Mercury to accommodate two
passengers for longer missions. With more control over their spacecraft, Gemini
astronauts would demonstrate rendezvous and docking with other vehicles while in
orbit. These second-generation spacecraft circled earth in 1965 and 1966 on missions
lasting from 4 hours to 13 days. The highly successful project gave NASA’s opera-
tions people experience with tracking and supporting two manned spacecraft
simultaneously and an appreciation for the mechanics of orbital rendezvous and ex-
travehicular activity. It also gave von Braun’s team in Alabama and the engineers at
the Manned Spacecraft Center in Houston the time they needed to develop the
powerful Saturn V launch vehicle and the complex Apollo spacecraft.

*At an important meeting at Ames in March 1958, Faget delivered a formal paper defining the
ballistic-shaped manned spacecraft (Maxime A. Faget, Benjamin J. Garland, and James J. Buglia,
“Preliminary Studies of Manned Satellites — Wingless Configuration: Nonlifting,” in “NACA Conference
on High-Speed Aerodynamics, Ames Aeronautical Laboratory, Moffett Field, Calif., Mar. 18, 19, and
20, 1958: A Compilation of Papers Presented,” pp. 9-34, reissued as NASA Technical Note D-1254,
Langley Research Center, 1962).
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Apollo with its crew of three would not be boosted directly to the moon. From
earth orbit, Apollo and the final stage of the launch vehicle would begin the trip to
the moon. Along the way, the command and service module would pull away from
the Saturn stage, turn around and return to dock with a lunar module, and then con-
tinue the journey. From lunar orbit, the lunar module would make the landing with
two of the men. After the astronauts had completed their lunar tasks, the module
would return to the orbiting ship. At the close of NASA’s first decade, the agency
was near its lunar goal. In November 1967, a Saturn V successfully orbited an un-
manned spacecraft (Apollo 4). In December 1968, three Americans orbited the
moon aboard Apollo 8.8 NASA was no longer in a contest with the Soviet Union to
reach earth’s natural satellite; its race was with the calendar.*

Managing the Manned Program at NASA

Under NASA Headquarters’s first organizational plan, manned spaceflight was
assigned to Abe Silverstein’s Office of Space Flight Development as part of the Ad-
vanced Technology Program (Newell D. Sanders, assistant director). Even before
President Kennedy’s decision in May 1961 to assign NASA the task of sending
astronauts to the moon before 1970, agency managers had been moving to
reorganize the Washington offices to correspond with four broad program areas:
applications, advanced research and technology, space sciences, and manned
spaceflight. It quickly became apparent that the Office of Manned Space Flight
(OMSF) under Director D. Brainerd Holmes would be responsible for NASA’s ma-
jor project of the decade, Apollo, to which Project Mercury and Project Gemini
were stepping stones. Reporting to Holmes were directors for launch: vehicles, pro-
pulsion, spaceflight, and flight missions, systems engineering, aerospace medicine,
program review and resources management, and integration and checkout. In the
spring of 1963, Holmes added to his network of managers. Two deputy directors,
one for programs and one for systems, joined the team, along with a director for
systems studies and a representative from the Air Force Systems Command.
Holmes, who had been with RCA before joining NASA in November 1961, was
totally committed to achieving the lunar landing goal. He was so committed that he
and Administrator James E. Webb often disagreed over policy and budget matters,
especially when Webb believed that OMSF’s demands threatened the agency’s other
programs. In March 1963, Holmes testified that the administration’s refusal to seek
supplemental funds for Apollo and Gemini had led to delays in Gemini’s schedule.
NASA'’s director of manned spaceflight returned to industry soon thereafter. When

*The existence of an actual race to the moon with the Soviets is still under debate. Most experts
believe that any early discussions by Soviet spokesmen of manned flights to the moon and beyond were
political in nature or at least premature and not based on the actual hardware under development. The
Soviets relied on automatic spacecraft to explore the moon and the planets, devoting their manned pro-
gram to increasingly sophisticated earth-orbital activities. During the early 1960s, however, it was the
firm conviction of many Americans that success with Project Apollo would prove the technological, and
thus the military, superiority of the U.S.
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George E. Mueller became associate administrator for manned spaceflight on
September 1, 1963, the management responsibilities of the program had grown con-
siderably. To assist him, Mueller often had up to four deputies plus a manned
spaceflight experiments board secretary on his staff. Also reporting to Mueller were
a representative from the Air Force Systems Command and directors for field center
development, program control, operations, space medicine, Gemini (until 1968),
Apollo, advanced manned missions, mission operations (added in 1965), Apollo ap-
plications (added in 1965), and safety (added in 1967). This large management struc-
ture was operating at the close of the agency’s first decade (see table 2-2 for details
on OMSF’s changing organization.?

When President Eisenhower delegated authority for the country’s manned space
program to the National Aeronautics and Space Administration, Administrator T.
Keith Glennan assigned the working level responsibility to Robert Gilruth. As as-
sistant director of the Langley center, Gilruth had encouraged the small group of
designer-engineers from the Pilotless Aircraft Research Division in their studies of
the ballistic-shaped spacecraft. On November 5, 1958, Gilruth borrowed heavily
from PARD to build a Space Task Group (STG) with which to manage Project Mer-
cury, the first phase of the agency’s manned program.* Charles J. Donlan was ap-
pointed assistant program manager. In addition to his duties as program manager,
Gilruth was also assistant director for a new NASA center to be built near
Greenbelt, Maryland. Until their new home was ready, the Space Task Group would
stay at Langley. Gilruth’s team reported directly to NASA Headquarters through
George M. Low, chief of manned spaceflight.!?

STG’s size grew as Project Mercury matured. As specialists finished mission
definition studies and began the advanced engineering work, the group’s ranks
reached 400 during the summer of 1959. One small cadre relocated in Florida at the
Atlantic Missile Range to ready NASA’s manned launch site, while another went to
the midwest te oversee the work of the spacecraft prime contractor, McDonnell Air-
craft Corporation, in St. Louis. In Virginia, Gilruth divided his organization into
three divisions: flight systems under Faget, engineering under James A. Chamberlin,
and operations under Charles Mathews. This three-directorate system was intact in
late 1960 when the manned spaceflight team learned they would not be moving to
the Goddard Space Flight Center along with the unmanned space projects group. In-
stead, the STG was declared an autonomous organization. The events of the spring
of 1961 —Gagarin’s orbital flight and Kennedy’s declaration concerning a lunar

*Of the 36 original members of the STG from Langley, 14 were drawn from PARD (William M.
Bland, Jr., Aleck C. Bond, Maxime A. Faget, Edison M. Fields, Jack C. Heberlig, Clairborne R. Hicks,
Jr., Alan B. Kehlet, Ronald Kolenkiewicz, John B. Lee, Betsy F. Magin, Paul E. Purser, Herbert G. Pat-
terson, Frank C. Robert, and Julia R. Watkins); 5 from the Flight Research Division (Robert G. Chilton,
Jerome B. Hammack, Christopher C. Kraft, Jr., Charles W. Mathews, and John P. Mayer); 2 from the
Instrument Research Division (William J. Bayer and Harry H. Ricker, Jr.), 2 from the Office of the
Assistant Director (Charles J. Donlan and Robert R. Gilruth), 2 from the Stability Research Division
(George F. MacDougall, Jr., and Charles H. Zimmerman), 1 from the Structures Research Division
(Melvin S. Anderson), 1 from the Full-Scale Tunnel Research Division (Paul D. Taylor), | from the
Dynamic Loads Division (William T. Lauten, Jr.), plus 1 each from the planning and fiscal offices
(William C. Muhly and Ronelda F. Sartor), and 3 stenographers and 3 file clerks. Ten other specialists
from the Lewis Research Center brought the total number of scientist-engineers to 38.
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landing — prompted NASA officials to find a permanent center for Gilruth’s grow-
ing family. From a group of 20 prospective locations for the Manned Spacecraft
Center, NASA chose Houston, Texas, and Gilruth began moving his people south
into temporary quarters in October.* The relocation was completed by mid-1962.
Gilruth’s management plan for MSC was not unlike the STG style: directorates
for administrative, engineering, and operations activities; program offices for Mer-
cury, Gemini, and Apollo. Engineering and development (Faget), flight crew opera-
tions (Donald K. Slayton), and general operations (Christopher Kraft) were joined
by two new directorates in 1966: science and applications and medical operations.
Program offices were dropped when their objectives were met; new ones were added
to manage future flight projects: Apollo applications (1966) and advanced missions
(1968). (See table 2-3 for a summary of STG and MSC organizational changes.)

*During August 1961, a site selection team led by John F. Parsons (Ames Research Center) evaluated
20 cities in their search for a location that met 10 specific requirements for the new manned spaceflight
center. These requirements included available facilities for advanced scientific study, power facilities and
utilities, water supply, mild climate, adequate housing, at least 1000 acres of land, available industrial
facilities, transportation, including water for shipping by barge, jet service airport, and local cultural and
recreational facilities. Sites considered were Tampa and Jacksonville, Florida; New Orleans, Baton
Rouge, Shreveport, and Bogalusa, Louisiana; Houston, Beaumont, Corpus Christi, Victoria, Liberty,
and Harligen, Texas; St. Louis, Missouri; Los Angeles, Berkeley, San Diego, Richmond, Moffett Field,
and San Francisco, California; and Boston, Massachusetts. On September 19, it was announced that
MSC would be constructed on 1000 acres donated by Rice University southeast of Houston. On
November 1, the STG was officially redesignated the Manned Spacecraft Center, with Gilruth as director.
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Table 2-2.
Four Phases of Manned Spaceflight
Management, NASA Headquarters*

Phase 1
Oct. 1958-Oct. 1961

Administrator/Deputy Administrator/Associate Administrator
Director, Space Flight Development (Abe Silverstein); office renamed Space Flight Programs in 1960

Assistant Director, Advanced Technology (Newell D. Sanders); office renamed Applications and
Manned Flight Programs in 1960

Chief, Manned Space Flight (George M. Low)
! Chief, Manned Satellites (Warren J. North)
Chief, Advanced Manned Systems (John H. Disher)
Chief, Biotechnology (G. Dale Smith); office dropped in 1960
Staff Scientist (Richard J. Wisniewski); office dropped in 1961
Chief, Plans and Evaluation (Merle G. Waugh); office added in 1961

Phase 11
Nov. 1961-Winter 1962-1963

Administrator/Deputy Administrator
Associate Administrator
Director, Manned Space Flight (D. Brainerd Holmes)
Executive Assistant (Clyde Bothmer)
Director, Launch Vehicles and Propulsion (Milton W. Rosen)

Deputy Director, Launch Vehicles and Propulsion (Stanley M. Smolensky); office added
Aug. 1962

Executive Assistant (John R. Schaibley; William T. Ashley, 1962)
Technical Assistant (Harvey Hall)
Assistant Director, Launch Vehicle Engineering (Eldon W. Hall; Rosen, acting, 1962)
Assistant Director, Vehicles (Richard B. Canright; Smolensky, acting, 1962)
Assistant Director, Propulsion (Adelbert O. Tischler)
Assistant Director, Launch Operations (Gus A. D’Onofrio; John K. Holcomb, June 1962)
Director, Spacecraft and Flight Missions (Low)
Executive Assistant (Paul E. Cotton)
Assistant Director, Apollo Spacecraft Development (Disher)
Assistant Director, Manned Satellite Programs (North; Daniel D. McKee, 1962)
Assistant Director, Manned Spaceflight Operations (Harper E. Van Ness)
Assistant Director, Human Engineering (Fred Ireland)
Chief, Future Projects, Plans, and Evaluations (Waugh, 1962); office dropped in 1962
Deputy Director, Systems Engineering (Joseph F. Shea)
Executive Assistant (Joseph R. Quinn)
Director, Systems Engineering 